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EFFECTS OF SPACE EXPOSURE ON METALS 
FLOWN ON THE LONG DURATION EXPOSURE FACILITY 


FOREWORD 


This report describes the results from the testing and analysis of metals flown on the Long 
Duration Exposure Facility (LDEF). Ti is work was carried out by Boeing under two 
Contracts, NAS1-1822 ask 12 (October 1989 through May 1991), and NAS1-19247, 
Tasks 1 and 8 (initiatec ; 1991). Sponsorship for these two programs was provided by 
the National Aerona»*'' . i Space Administration, Langley Research Center, Hampton, 
Virginia. 


Mr. Lou Teichman, NASA LaRC, was the NASA Task Technical Monitor. Mr. Teichman 
was replaced by Ms. Joan Funk, NASA LaRC, following his retirement. Mr. Bland Stein, 
NASA LaRC, was the Materials Special Investigation Group Chairman, and was replaced 
by Ms. Joan Funk and Dr. Ann Whitaker, NASA MSFC, following Mr. Stein's 
retirement The Materials & Processes Technology organization of the Boeing Defense & 
Space Group was responsible for providing the support to both contracts. 
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Sylvester Hill 
Dr. Gary Pippin 
Dr. Steven W. Spear 
Dr. John L.Golden 
Valerie A. Loebs 
Jesse T. Cherian 
Mark Dubois 


Task Manager 
Technical Leader 
Analysis 
Analysis 

Testing and Analysis 
Testing and Analysis 
Testing and Analysis 


Table of Contents Page 

1.0 Introduction 1 

2.0 Description of LDEF 1 

2.1 Structure 3 

2.2 Designations of LDEF Rows and Bays 3 

3.0 LDEF Orbital Environment 3 

3.1 Angle from k on 3 

3.2 Atomic oxygen fluence versus incidence angle 5 

3.3 Atomic oxygen fluence versus time 5 

3.4 Atomic oxygen fluence 7 

3.5 Solar exposure 7 

4.0 Locations of LDEF experiments 9 

5.0 Effects of LEO environments on metals 12 

5.1 Aluminum 13 

5.2 Cadmium 15 

5.3 Copper 18 

5.4 Gold and irridium 22 

5.5 Molybdenum 22 

5.6 Nickel 22 

5.7 Silver and osmium 23 

5.8 Silicon 23 

5.9 Chromium 24 

5.10 Stainless steel 24 

5. 1 1 Tantalum, Tungsten, and Zirconium 32 

5.12 Tin 32 

5.13 Titanium 32 

5.14 Platinum 32 

IV 


Table of Contents (continued) Page 

5. 1 5 Textured surfaces and thin coatings 32 

6.0 Components 33 

6.1 Primary structure 33 

6.2 Cold welding 33 

7.0 Summary 34 

8.0 References 35 


Appendix A ESCA Spectra for Selected Bolts from a Distribution of Locations on the 
LDEF 

Appendix B Auger Spectra from Selected Aluminum Tray Clamp Surfaces and 
Aluminum Sheetstock 

Appendix C Auger Spectra for Bolts from Selected Aluminum Tray Clamps 
Appendix D ESCA Spectra from Copper Surfaces 

Appendix E ESCA Survey Spectra from Selected Aluminum Tray Clamp Surfaces 

Appendix F Atomic Concentrations as a Function of Depth for Selected Stainless Steel 
Bolts from LDEF 

Appendix O Results of High Resolution ESCA cm LDEF Bolts from Selected Locations 


Page 


List of Figures 

Figure 1 . A view of LDEF from the crew compartment of the Space Shuttle 

Columbia during retrieval operations (NASA photograph). 2 

Figure 2. Designation of LDEF experiment trays. 4 

Figure 3. LDEF angles of surfaces from the ram direction in degrees. 4 

Figure 4. Fluence as a function of incidence angle. 6 

Figure 5. Fluence as a percent of total exposure. 6 

Figure 6. Atomic oxygen fluences (atoms/cm 2 ) at end of mission, including 

exposure during retrieval. 8 

Figure 7. Cumulative equivalent sun hours exposure at end of mission. 8 

Figure 8. LDEF experiment locations for rows 1 through 12. 10 

Figure 0. Designations of LDEF Earth end and space end experiment 

trays and locations of experiments. 1 1 

Figure 10. Photograph of a module from the M0002 experiment. 14 

Figure 1 1. NASA post-flight photo of copper grounding strap from LDEF 

experiment A0178. 17 

Figure 12. Absorptance and emittance of copper grounding straps on 
leading edge surfaces of LDEF as a function of atomic 
oxygen exposure. 20 

Figure 1 3. Absorptance and emittance of copper grounding straps on 

trailing edge locations of LDEF as a function of solar exposure. 21 

Figure 14. On-orbit photograph of McDonnell-DouglaS experiment on tray 

F9. 26 

Figure 1 5. Post-flight close-up photograph of black chrome finish on 
aluminum electronics module cover from experiment A0176 
on tray F9. 27 

Figure 16. Surface analysis results from survey ESCA measurements 

on LDEF tray clamps. 30 

Figure 17. Results of high resolution ESCA measurements on selected 

stainless steel bolt heads from LDEF. 31 


vi 


List of Tables Page 

Table 1 . Optical properties of bare aluminum clamps flown on the 

leading and trailing edges of LDEF conpared with values for 
chromic acid anodized (CAA) and ground control materials. 1 6 

Table 2. Optical properties from copper grounding straps and other 

selected copper specimens exposed ort LDEF. 1 9 

Table 3. Optical properties for copper specimens from certain 

LDEF experiments. 19 

Table 4. Elemental %'s determined by ESCA for iron, silicon, oxygen, 

carbon, and fluorine on tray clamp bolt heads bom LDEF. 28 


vii 


1.0 INTRODUCTION 


The Long Duration Exposure Facility (LDEF) greatly extended the range of data available for 
metals exposed to the low Earth orbit (LEO) environment. The effects of LEO exposure on metals 
includes meteoroid and debris impacts, cosmic rays, solar particles, solar radiation, thermal 
cycling, oxidation and contamination. The LDEF environment primarily affected metals surface 
properties. Surface property changes afford a means to study the environment as well as in-space 
stability of metals. 

The objective of this report is to summarize the effects of the LEO environment on the various 
metals carried on LDEF experiments and on metals making up the external surfaces of LDEF. The 
effects to be considered are changes in surface texture, oxidation depth, erosion depth, material 
growth, contamination, concentration of surface elements, physical properties, thermal properties, 
and optical performance. Data on these effects will be summarized for each metal. 

Much of the information used herein is published in NASA Conference Publications (refs. 1-3). 
Overviews of LDEF materials findings are presented in references 4, 5, and 6. Additional material 
used herein has not yet been published by NASA. These additional findings include some papers 
presented at the Third LDEF Post-Retrieval Symposium, November, 1993 and work conducted 
subsequent to this meeting. 


2.0 DESCRIPTION OF LDEF 

The LDEF was designed to utilize the two-way transportation capability of the Space Shuttle and 
was deployed in a nearly circular low Earth orbit (LEO) on April 7, 1984. The initial mean altitude 
for the mission was 482 km and the orbit was inclined 28.4° to the equator. Mission duration was 
2,106 days or nearly six years. Figure 1 shows LDEF as photographed from the Shuttle crew 
cabin window during recovery. The following description of LDEF is based on that given in 
NASA SP-473 (ref.7). 



2.1 Structure 


The geometry and coordinate system of LDEF are shown in Figure 2. The vehicle structure is 12- 
sided, 30-feet long, 14-feet in diameter, and weighs 8000 lb. The structure is an open grid of 
aluminum rings and longerons (fore and aft framing members). The center ring frame and end 
frames are of welded and bolted construction. The longerons are bolted to the frames. Intcrcostals 
(crosspieces positioned between the main rings) are bolted to the longerons to form intermediate 
rings. The main load of the LDEF is transmitted to the orbiter through two side trunnions on the 
center ring. A keel fitting on the center ring gives lateral support. An end support beam, attached 
by a pin joint to one <md frame, takes vertical loads and ensures that loads through the attachment 
fittings are static. 

In orbit, the long axis of the vehicle pointed away from the Earth. The coordinate system as 
indicated in Figure 2 is right handed. The z-axis and vehicle heading are nearly coincident. The 
y-axis is nearly horizontal. The x-axis points vertical, parallel to the long axis of the vehicle. 

2.2 Designations of LDEF Rows and Bays 

Bay locations for experiments are designated by row numbers and tray letters as shown in Figure 
2. Looking toward the Earth end of the vehicle, row numbers increase in a clockwise direction (1 
through 12). The tray letters increase upward in the vertical direction (A through F). 

3.0 LDEF ORBITAL ENVIRONMENT 


3.1 Angle From Ram 

Because of LDEF’s 12-sided geometry, atomic-oxygen fluence varied for experiments from row to 
row. Angle from the ram direction for each experiment bay is shown in Figure 3. The angle of 
each experiment tray surface with the ram direction was determined by the fixed structural 
geometry of the vehicle and its constant flight attitude while in orbit. The angle from ram varied 
for each experiment row. Thus, the LDEF was ideally suited to experimental determination of the 
effects of atomic oxygen on materials. 



Figure 2. Designation of LDEF Experiment Trays 



Figure 3. LDEF Angles of Surfaces From The 
Ram Direction in Degrees. 
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The angles given in Figure 3 delude the pitch and yaw angles for the vehicle determined by Bruce 
Banks, NASA Lewis Resear»ti Center (ref. 8). The yaw angle is 8.1° with the spacecraft turned so 
that the ram direction lies between rows 9 and 10. Pitch angle is 0.8° with the space end of the 
vehicle pitched forward. Roll angle is zero. 

3.2 Atomic Oxygen Fluence Versus Incidence Angie 

Atomic oxygen fluxes and fluences for I DEF were calculated as described and updated in 
references 9 and 10. A brief summary of the factors affecting the atomic oxygen exposure of 
LDEF experiments is presented herein. 


Molecules in a gas in thermal equilibrium have a Maxwellian speed distribution characteristic of 
their temperature. At 1000 K, die average molecular speed of atomic oxygen is 1.15 km/sec 
compared to an average speed of a spacecraft relative to die atmosphere of 7.24 km/sec at 400 km 
aldtude in an easterly orbit. Thermal molecular morion affects atomic-oxygen flux on a surface at 
high incidence angles. 

The atomic oxygen calculation takes into account the effect of thermal molecular motion. The effect 
is shown in Figure 4. The plot compares atomic oxygen flux corrected for thermal molec ular 
velocity with values calculated by ignoring thermal molecular velocity. When thermal molecular 
velocity is considered, the calculations show that surfaces parallel to the ram direction receive 
approximately four percent of the head-on flux. Surfaces at angles greater than 90° from ram 
experience a small atomic oxygen flux. For incident angles less than approximately 87.5°, 
predicted atomic oxygen fluxes with or without the inclusion erf thermal velocity are nearly equal 

3.3 Atomic Oxygen Fluence Versus Time 


Atomic oxygen flux was not constant during the mission. Decreasing solar activity caused atomic 
oxygen flux to decrease during the first three years of flight Thereafter, the combination of 
increasing solar activity and decreasing altitude caused atomic oxygen flux to increase rapidly. 
Figure 5 shows ram direction atomic oxygen fluence for LDEF expressed as a percent of total 
fluence for the mission. This plot reflects the combined effect on atomic oxygen fluence caused by 
varying solar activity and loss of altitude. Roughly 50 percent of the atomic oxygen exposure 
accumulated during the last six months of the LDEF mission. The last year of the flight accounted 
for roughly 75 percent of the exposure. 


• r 





• 7 . 

THERMAL MOLECULAR VELOCITY 







3.4 Atomic Oxygen Fluence 


Figure 6 shows the mission total atomic oxygen exposure accumulated on each row and longeron 
during the LDEF mission. The view is of the Earth end of the spacecraft. In this view, row 
numbers increase in the clockwise direction. The ram direction lies between rows 9 and 10. All 
trays on a row received the same atomic oxygen fluence. 

The data given in Figure 6 include an estimate of atomic oxygen exposure received by LDEF 
during an attitude excursion on retrieval which was added to the fluence accumulated during orbital 
flight The attitude excursion provided most (row 1), or virtually all, the atomic oxygen fluence on 
row 1 (2.9xl0 17 atoms/cm 2 ), longeron between rows 1 and 2 (1.5xl0 17 atoms/cm 2 ), row 2 
(1.5xl0 17 atoms/cm 2 ), longeron between rows 2 and 3 (1.4xl0 17 atoms/cm 2 ), and row 3 
(1.3xl0 17 atoms/cm 2 ). The values shown in parentheses are total exposure, mission plus 
retreival. With the exception of row 1, which received a fluence of 1.2xl0 17 atoms/cm 2 prior to 
retreival, insignificant amounts of atomic Oxygen impinged on rows 1-3 during the on-orbit 
exposure. 

Because the vehicle was pitched so that the space end was forward of vertical, trays on the space 
end of the vehicle received more atomic oxygen than did trays on the Earth end of the vehicle 
during flight. 

3.5 Solar Exposure 

Figure 7 summarizes cumulative equivalent sun hours (ESH) exposure from direct solar and Earth 
reflected radiation at each LDEF tray location (ref. 11). As may be seen from the figure, the 
highest solar exposure is to the space end and the lowest is to the Earth end of the vehicle. Of the 
12 rows, the leading row and trailing row (rows 9 and 3 respectively) received the highest 
exposure. Those rows nearly parallel to the ram direction (rows 6 and 12 respectively) received 
the lowest exposure, about 60 percent of the leading edge exposure. 
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Figure 6. Atomic Oxygen Fluences (atoms/cm 2 ) 
at End of Mission , Including 
Exposure During Retrieval. 
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Figure 7. Cumulative Equivalent 
Sun Hours Exposure at 
End of Mission. 
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Build-up of cumulative equivalent sun hours with time is quite linear for Earth and space end bays 
and for leading edge and trailing edge rows, 9 and 3 respectively. Build-up of cumulative 
equivalent sun hours for north and south facing rows, 6 and 12 respectively, show a seasonal 
effect Row 12 is oriented in a northerly direction and, hence, received the most intense radiation 
in the northern hemisphere summer and the least intense radiation in the northern hemisphere 
winter. The opposite is true for row 6, which is oriented in a southerly direction. Seasonal effects 
decrease as row orientation becomes perpendicular to ram direction. Seasonal effects are explained 
more thoroughly in reference 11. 

4.0 LOCATIONS OF LDEF EXPERIMENTS 

Fifty-seven science and technology experiments involving investigators from the United States and 
nine other countries were flown on the LDEF mission. Each of these experiments is discussed in 
reference 7. The arrangement of peripheral experiments on the LDEF structure for the LDEF 
mission is illustrated in Figure 8. The arrangement of Earth -end-tray and space-end-tray 
experiments for die LDEF mission is illustrated in Figure 9. 

Typical trays for mounting experiment hardware to the periphery of the LDEF structure are 34- 
inches wide and 50-inches long. Trays for mounting hardware on the end flames are smaller, 34- 
inches square. The depth of the trays is varied as required by the experiments. For the LDEF 
mission tray depths were 3, 6, and 12 inches. 

The weight that can be accommodated in the trays is 800 lb for peripheral trays and 200 lb for end 
trays. The combined weights of the mission experiments was approximately 21,400 lb. 
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5.0 EFFECTS OF LEO ENVIRONMENTS ON METALS 


A wide variety of metallic (and semiconductor) materials were flown on the LDEF. The mixture 
included pure metals, alloys, metallic coatings on selected substrates, and metal matrix composites 
(discussed in ref 12.). Aluminum, gold, titanium, copper, steel, and lead were used in specific 
engineering applications ranging from the structural members to impact collection plates, nuts and 
bolts, ballast, and thermal panels. 

Metal alloys flown on LDEF include Monel, brass, bronze, Inconel, copper-beryllium, copper- 
nickel, tin-lead, and stainless steel. With the exception Of the Monel wires on experiment A0038, 
and the stainless steel bolts, these materials were experiment support hardware, and not generally 
subject to direct exposure. Except for stainless steel, investigations carried out on these materials 
have been limited in scope. No anomalies of any kind have been identified as being due to these 
materials. 

This report includes a comprehensive set of references which discuss performance of specific 
metals, results of analyses of bare aluminum clamps, copper grounding straps, and stainless steel 
bolts, and a comparison of results and summary of findings for each given material by different 
investigators. 

The depth and nature of analyses on different specimens vary widely depending on the goal of the 
experiment. To organize and draw conclusions from many different sources results are covered 
metal by metal. A number of the findings summarized from A01 14 are taken from unpublished 
studies. The principal investigator for this experiment is Dr. John Gregory of the University of 
Alabama-Huntsville. 

Raw data for a series of studies on LDEF stainless steel bolts, aluminum clamps, and copper 
surfaces are included in the appendices of this report. Collectively, the appendices document the 
distribution of silicon based contamination on LDEF surfaces. Data for the initial Surface 
characterization of the bolts are reported in appendix A. Appendices B and C are compilations of 
auger data from the aluminum tray clamp and stainless steel bolt head surfaces, respectively. 
ESCA data from surface analysis of copper grounding straps is reported in appendix D. ESCA 
survey spectra from selected aluminum tray clamp surfaces are repotted in appendix E. 
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5.1 Aluminum 


The 1 t minUm U< * d ° >n LDEF was c,1romic ^ to achieve desired thermal performance. 

■f" 4 "** ^ b ‘ en opened (refs. 13-16). 

J?J? * M00 ° 3, » alodined plate and a sulfuric acid anodized plate on ray D3. On 

ri^ t ,9> «"* a™, of L 

were visibly contaranated. but this hardware was not examined quanUtatively. Four ray clamps 

on both ray C9 and C3 were made of unanodized aluminum. Surface analysis data of these 

c amps using ESCA and depth profile analysis by Auger are presented in appendix A 

Surface elemental composition for selected ray clamps as determined by ESCA measurements is 
also reported in this appendix. 

Rockwell alined the aluminum framework which held their composite specimens in place on 
expenmen, A0I75. This materi* appeared faded and discolored in comparison with pre-fligh, 
photos, but no quantitative comparison is available. 

While little change was observed in the optical properties of any aluminum material, the 
ttnanodreed clamps have much poorer values of absorptance (a) and emitlance (e) in comparison 

^dreraodtzedclamps. A polished aluminum specimen on ray D3 was in excellent condition 
post-flight with no change in optical properties* 

Table 1 shows the results of post-flight optical properties measurements for selected bare and 

an<rfre«l aluminum clamps and a typical T-6061 aluminum panel for comparison. Measurements 

on the fhght samples tnclude results from both exposed and unexposed surfaces. Bare aluminum 

speomem were flown on tray D3, one on the Boeing module (ref. 17) and as one pare of the 

W2-lexpenmem(refs. 1S-19). This experiment also included specimens of Cu,Ni,Ta Zr 

^ place by an aluminum bar. Locations of the experiment included treys D9, 

st^l^rh u ^ ^ Cu and Si specimens, coupled with tire nearby 

strocture and the posttion of these materials in a recessed portion of the ray minimized the atomic 

oxygen exposure. Ftgure 10 shows a post-flight photograph of the M0002-1 experiment mounted 
in its ray. The metallic specimens are flat plates mounted on the side of the impact "camera” 
assembly from the cylinder (specimens towaid the top of the photo). 



Specimen 


C3-5 

exposed area 2 
unexposed side 


C9-7 

exposed area 2 
unexposed side 


C9-2 

unexposed Side 


C3-6 

unexposed side 

CAA control #4 
"back" 

CAA clamp, row 9 
unexposed side 

"Bare" 6061 panel 




a 

e 

exposed area 1 
0.74 
0.71 

0.08 

0.13 

0.73 

0.08 

exposed area 1 
0.69 
0.72 

0.06 

0.09 

0.70 

0.06 

exposed 

0.31 

0.19 

0.31 

0.17 

exposed 

0.31 

0.15 

0.33 

0.15 

side with paint button 
0.31 

0.18 

0.31 

0.20 

exposed 

0.34 

0.145 

0.34 

0.145 



0.31 

0.04 


Table 1. 


^^^£ ro P eit * es .°^k arc a l um > nun:1 clamps flown on the leading and trailing edges 
of LDEF conpared with values for chromic acid anodized (CAA) and ground 
control materials. ^ 


15 


P3.2 Cadmium 


Cadmium plated roller bearings were flown on the Boeing module of tray D3. Post-flight 
examination of die cadmium showed some apparent wear, but this may have been due to pre-flight 
handling. Cadmium did remain on each of the 3 bearings. Cadmium plated washers, with an 
anodize overcoat, were used on the fastening system for the Boeing composite panel on tray D9. 
No evidence of wear or loss of cadmium was observed. 


16 


- .j fit «„ O 







0* 



Figure 1 1 . NASA post-flight photo of copper grounding strap from LDEF experiment AOI 78 
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5.3 Copper 


Bare copper specimens were flown on experiments A01 14, M0002-1, and A0171. Copper was 
used as grounding straps at 17 locations where silverized Teflon thermal control blankets were 
used. Twelve of the straps were provided to Boeing for analysis. Optical properties were obtained 
for at least two locations on each clamp. A photograph of a copper strap is shown in figure 1 1. 
Plots of absorptance and emissivity versus atomic oxygen and solar exposure have been published 
(ref. 20) and are reproduced in figures 12 and 13. Data from measurements by other groups have 
been added to the measurements by Boeing. Each copper strap has two distinct regions, directly 
exposed to the environment, oriented at 15° relative to each other, which are large enough to allow 
optical measurements. Optical properties are shown in table 2. Detailed surface analysis has been 
carried out on selected clamps and a ground control specimen taken from the original roll of copper 
tape used to make the grounding straps. The ESCA spectra obtained for multiple locations along 
the selected clamps are presented in appendix D. Analysis of 5 grounding straps was carried out 
by ESA (ref. 21). Estimates were made of oxide thickness versus fluence. The oxide was 
identified as CU 2 O with a top layer of CuO which was likely formed post-flight during ground 
storage. Oxide coating thicknesses reported for samples from M0002-2 and A01 14 (ref. 22) also 
show films in the 100 nm or thinner range, for exposed specimens. Optical properties have also 
been published for these specimens. The values reported for the A01 14 specimen are for an 
optically thin specimen and were not corrected for transmission. A copper specimen was also 
flown as part of A0171(ref. 23) and the optical values for this specimen are reported in table 3. 


Specimen angle from ram 


a e 


AlO 

AlO 

B7 

B7 

C8 

C8 

Cll 

Cll 

DU 

Dll 

A2 

A2 

A4 

A4 

B5 

B5 

C5 

C5 

D5 

D5 

F2 

F2 

F4 

F4 

Ground Control 


36.9 

21.9 

53.1 

68.1 

23.1 

38.1 

66.9 

51.9 

66.9 

51.9 

156.9 

141.9 

143.1 

158.1 

113.1 

128.1 

113.1 

128.1 

113.1 

128.1 

156.9 

141.9 

143.1 

158.1 


0.532 

0.480 

0.513 

0.418 

0.595 

0.514 

0.392 

0,421 

0.442 

0.532 

0.387 

0.328 

0.366 

0.317 

0.363 

0.384 

0.352 

0.313 

0.323 

0.321 

0.285 

0.301 

0.304 

0.327 

0.232 


0.060 

0.015 

0.050 

0.033 

0.021 

0.022 

0.016 

0.020 

0.028 

0.021 

0.019 

0.011 

0.020 

0.015 

0.013 

0.012 

0.015 

0.020 

0.017 

0.021 

0.012 

0.013 

0.014 

0.017 


£££d 5iMF r ° PenieS ft0m C0PPW gro “ Klin S “V and othCT select* copper specimens 


A0 114 
Row 3 
Row 9 


a un <*ex 
0.29 0.29 
0.37 0.86 


A0171 
Row 9 

Table 3 


a pre 

0.354 


a post 

0.556 


fc pre 

0.965 


e post 

0.961 


Optical properties for copper specimens from certain LDEF experiments. 
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Figure 12. Absorptance and emittance of copper grounding straps on leading edge surfaces of 
LDEF as a function of atomic oxygen exposure. 
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Figure 13. Absorptance and etnittance of copper grounding straps on trailing edge locations of 
LDEF as a function of solar exposure. 
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5.4 Gold and Iridium 


Gold plates were exposed on .0187, tray A3. This was the collection surface for a meteoroid and 
debris impact experiment. No surface analysis of this material has been carried out. No changes 
in the properties of the gold were noted for specimens flown on A01 14 (ref. 22). A thin 
contamination layer was reported for these specimens and slight changes in reflectance are 
attributed to this film. Differences were also noted in appearance of leading versus trailing edge 
gold specimens, most likely attributable to surface contamination deposits and subsequent 
interactions with solar UV radiation. 


5.5 Molybdenum 

Molybdenum specimens on A01 14 row 8 showed expected oxidation (ref. 22) and absorptance 
change (0.45 to 0.69). Slight changes in reflectance due to flight exposure were observed for 
trailing edge specimens. Formation of a thin contaminant layer is the likely cause. Similar changes 
in optical properties were observed for molybdenum A0171 specimens from row 8. An 
absorptance increase of 20 percent and an emissivity increase of about 2 percent was measured 
over the duration of the mission (ref. 23). 

5.6 Nickel 

Nickel specimens or coatings were flown on 4 experiments (refs. 18, 19, 22, 23, 24). Elemental 
nickel was flown on tray D3, M0003 experiment (ref. 25). In spite of the trailing edge location, 
the exposed portion of this specimen showed a 30 nm thickness increase relative to the unexposed 
area. This specimen was exposed to atomic oxygen for a brief period of time during retrieval. The 
oxide coating on this nickel specimen was highly porous, as were many of the thin metal oxides 
examined on exposed portions of metal specimens on the M0002 experiment An ext' ;mely thin 
(1000 A) nickel coating with a 600 A overcoat of silicon dioxide protected composite substrate 
material on tray B9. The nickel specimen flown on A01 14, row 9 showed an absorptance change 
of about 0.1 1. The A01 14 nickel specimen on row 3 was essentially unchanged. 
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5.7 Silver and Osmium 


Silver and osmium films, flown on the leading edge (experiment A0034), but exposed only 
indirectly to atomic oxygen, were both completely eroded (ref. 26). Identical trailing edge 
specimens show some oxidation. Exposed silver at leading edge locations showed darkening, 
surface roughening and oxidation. These effects were expected, given severe damrge to silver 
observed on shuttle flights. A Silver specimen from experiment A0171 showed absorptance 
changes from 0.251 to 0.872, and emissivity changes from 0.039 to 0.141, due to flight exposure 
(unpublished data, percent changes are shown in ref. 27). 

5.8 Silicon 

Silicon was detected on many LDEF surfaces and a number of localized sources have been 
identified. Hie silicon specimen from the M1002 experiment showed a distribution of oxide 
thicknesses across the specimen surface, most likely due to the oblique angle of incidence of the 
atomic oxygen and the complex shape of the surrounding structure. 

Using ESCA techniques, silicon-containing species were detected on selected tray clamp bolt heads 
(A8-6B, B7-5A, E9-1C, F11-8B), from near leading edge locations. Infrared spectroscopy was 
used in an attempt to further identify the nature of the silicon-containing species. No residue was 
viable on the surfaces of the bolts selected for this examination. The bolts were washed in hexane 
because low molecular weight silicones should be soluable in this solvent The heads of three 
bolts were individually rinsed with spectral grade n-hexane. The solvent was re-aspirated and 
pipetted onto a salt plate for IR analysis. The entire washer and bolt head of the fourth sample was 
rinsed with hexane. No spectral evidence of silicone was observed for any of the four bolts. This 
likely occured because the silicone had polymerized and was no longer soluable in n-hexane, or 
was present at too low a concentration to detect using IR, or had been oxidized to SiO x by atomic 
oxygen. Each of these reasons probably contributed to the null result from the IR measurements. 

Survey ESCA spectra for these and other bolts are shown in appendix A. These bolts were 
selected to be representative of all the exposure environments present on LDEF. Detection of iron 
on many bolt surfaces by ESCA is an indication of a very thin film or incomplete covering of the 
Surface. This is because ESCA probes only the first 20 to 50 A of material and the iron source is 
the bolt alloy itself. To determine the nature of the silicon species (organic or inorganic) on the bolt 
heads, high resolution ESCA has been carried out on a selected set of bolts. Results of this effort 
are included as part of the stainless steel analysis. 
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5.9 Chromium 


Stainless steel bolts used to hold the tray clamps contained Cr in the alloy. A portion of tray F6 
and the Earth end panels covering about half the area on the Earth end of LDEF (photo) were black 
chrome plated. A detailed investigation was made into the appearance of the black chr< >me plated 
coated module cover on the McDonnell-Douglas experiment from tray F9 (ref. 28). Figure 14 is 
an in-flight photo of A0076, tray F9, showing the heat pipe electronics module cover in the lower 
left comer, with a piece of aluminum from the failed MLI blanket folded over one end of the 
module. Figure 15 is a post-flight close-up of the black chrome plated electronics module cover. 
Contamination has been ruled out as a cause of the discoloration pattern. While temperature 
extremes seem a likely cause, the end-of-life optical properties ratios (a/e) are not great enough to 
suggest temperature driven phase changes. It is clear that the discoloration patterns are connected 
with the failure of the aluminum backed Kapton blanket and subsequent shielding of certain areas 
by die blanket remnants. Areas from black chrome plated Earth end panels were examined for 
oxide thickness and composition. These panels each have a lip oriented at right angles to the main 
area of the panel. The lip of panel 916-10A was mounted on the row 10 longeron with its surface 
oriented in the same direction as the row 10 trays. The curved region of the panel experienced a 
range of exposure from 22° from ram to 90° from ram. 

5.10 Stainless Steel 

Stainless Steel bolts were used at virtually every set of exposure conditions on LDEF. The bolt 
heads of the bolts used to hold the tray clamps in place essentially viewed space, with most bolts 
having no line-of-sight view factor to other LDEF hardware. The only exception is that some bolts 
were line-of-sight to the trunnions and stuff plates. In the post-flight de-integration facility (SAEF 
H budding clean room) at KSC, the bolts were sealed inside clean bags and placed inside clean 
plastic bottles. Therefore, the bolt heads make a valuable set of con tam in a tion witness pla te s , 
paricularly when examined for potential silicone deposition. 

One concern for the International Space Station is that shuttle proximity operations wid cause 
certain space station surfaces to exceed their annual/mission budgets for silicon base contamination 
due to Space Shuttle outgassing. When the LDEF was in the payload bay of the Space Shuttle 
Challenger prior to deployment, and in the payload of the Space Shuttle Columbia after retrieval, 
the bolts were in direct line-of-sight to parts of a Space Shuttle. Analysis of LDEF bolt head 
surfaces offered a chance to determine if Space Shuttles may be a source of silicon contamiriation. 
While the results from the bolt head surfaces are suggestive, especially in combination with surface 


analysis from other LDEF surfaces, no firm conclusion was reached from analysing survey 
ESCA spectra, Auger specTa, and elemental analysis values. Because silicon is a constituent of 
the alloy of which the bolts are made, the masking effects of organic contamination, coupled with 
the large variation in the organic content on the surfaces due to the wide range of atomic oxygen 
exposures, did not allow for a firm conclusion until high resolution ESCA measurements were 
carried out 

Table 4 includes elemental percent results determined by ESCA for each of the LDEF bolt head 
surfaces and control specimens examined. The data shows a strong correlation between atomic 
oxygen exposure and the percent elemental carbon on the surface. Because this data is reported on 
a percent basis, this variation affects the other reported values and may mask trends or show 
apparent trends which are not real. To put the reported silicon amounts on a common basis, the 
silicon percents were ratioed to the percent iron reported. The iron has only one source, the bolts 
them: Ives, and the amount should be constant from bolt to bolt. This analysis is complicated 
because the volume of material sampled in an ESCA measurement may include unknown 
proportions of contamination layer and bolt Atomic oxygen not only removes organic material but 
oxidizes silicones to silicates, which also complicates this analysis. Auger analysis on selected 
bolts show a contamination layer about 45A thicker on flight specimens relative to ground control 
specimens. 

The Si peak energies in the ESCA spectra range from 102 to 104 eV, as expected for oxidized 
species; elemental silicon would show a peak at about 99eV. There is about a 1 eV difference in 
the silicon 2p peak of an ESCA spectrum between an organic silicone and an inorganic silicate, at 
102.5 and 103.5 eV, respectively. 












LDEF location 

%Fe 

%0 

%C 

%Si 

%F 

Ground Control 

* 

12.05 

80.78 

1.51 


Ground Control 

• 

12.17 

81.10 

1.50 

4 » 

Ground Control 

• 

11.91 

81.22 

2.50 

• 

Ground Control 

• 

12.30 

78.83 

1.46 

. 

F9 

0.25 

53.02 

17.83 

20.55 

0.74 

F9 

• 

49.91 

22.17 

19.52 

0.58 

E10 

4 » 

47.37 

21.90 

18.10 

1.06 

E10 

• 

47.05 

23.10 

18.19 

1.02 

E10 

0.78 

37.12 

38.48 

13.26 

1.18 

E10 

0.57 

38.86 

34.92 

14.47 

1.09 

Dll 

1.63 

49.41 

17.74 

15.93 

1.03 

Dll 

2.89 

44.18 

17.20 

16.22 

2.16 

BU 

1.50 

48.76 

18.14 

16.88 

1.04 

Bll 

1.14 

48.70 

19.06 

17.54 

0.94 

All 

1.55 

55.74 

13.30 

20.41 

1.07 

All 

2.81 

51.66 

15.44 

22.70 

0.84 

A12 

1.47 

54.83 

17.92 

15.97 

1.19 

A12 

1.72 

54.08 

17.96 

15.96 

1.20 

G12 

- 

45.56 

24.55 

16.50 

1.29 

G12 

• 

46.08 

25.01 

16.55 

1.07 

H6 

1.71 

50.04 

28.04 

12.13 

0.97 

H6 

1.12 

46.76 

28.27 

14.80 

1.05 

B1 

1.43 

52.80 

13.02 

17.36 

0.76 

B1 

2.00 

54.04 

12.61 

17.51 

0.94 

F2 

1.09 

46.62 

19.63 

14.52 

1.13 

F2 

0.99 

49.69 

21.92 

17.50 

0.79 

D2 

2.10 

46.29 

27.33 

13.96 

2.05 

D2 

0.84 

46.97 

26.62 

16.12 

2.16 

F2 

1.43 

46.90 

24.54 

14.42 

1.50 

F2 

1.53 

47.54 

21.94 

16.40 

1.59 

C3 

1.09 

45.89 

32.41 

11.56 

0.65 

C3 

1.25 

46.37 

33.04 

12.06 

0.54 

C3 

0.73 

37.37 

44.42 

y. 54 

1.54 

C3 

- 

29.74 

55.25 

5.65 

1.31 

E3 

1.50 

42.95 

33.61 

11.90 

• 

E3 

1.48 

45.89 

29.26 

13.67 

• 

D4 

- 

38.80 

40.96 

9.54 

0.59 

D4 

- 

37.62 

41.72 

8.85 

• 

E4 

0.47 

30.09 

53.55 

5.96 

1.61 

E4 

0.50 

29.16 

54.65 

6.22 

1.53 

C5 

1.22 

37.14 

36.74 

8.55 

2.79 

C5 

1.20 

41.80 

28.26 

14.07 

2.88 

DS 

1.61 

38.38 

35.35 

11.21 

1.39 

D5 

1.29 

40.01 

35.35 

10.58 

1.45 

B6 

1.22 

36.02 

39.42 

7.90 

2.02 

B6 

0.58 

30.67 

49.25 

6.36 

1.70 

B6 

1.82 

42.99 

25.17 

13.82 

1.36 


Table 4. Elemental %'s determined by ESCA for iron, silicon, oxygen, carbon, and fluorine 
on tray clamp bolt heads from LDEF. 
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LDEF location 


%C 


%Fe %0 

B6 1.97 40.31 

B6 0.51 44.38 

F6 1.81 44.64 

F6 1.49 47.73 

F7 2.07 55.92 

F7 2.77 52.87 

E8 1.61 49.47 

E8 2.65 47.10 


25.25 

14.01 

1.04 

35.01 

2.22 

1.11 

22.05 

14.32 

1.30 

25.07 

12.41 

1.20 

16.15 

17.56 

• 

16.67 

18.35 

- 

18.50 

17.42 

0.55 

16.61 

17.60 

m 


Table 4 (continued). Elemental %'s determined by ESCA for iron, silicon, oxygen, carbon, and 
fluorine on tray clamp bolt heads from LDEF. 


Figures 16 and 17 show the energy of ESCA peaks representative of silicon based compounds 
plotted against position on LDEF. Related auger spectra showing the depth profiles of silicon and 
other major species on the stainless steel bolt heads are contained in appendix F. "Rows" 13 and 
14 are the Earth- and space-ends, respectively. Figure 16 shows values taken from survey spectra 
from stainless steel bolt heads, and while suggestive, the precision of this data is not sufficient to 
distinguish between silica and silicone species. Figure 17 shows results from high resolution data 
which does allow separation of "inorganic" and "organic" silicon containing species. The high 
resolution spectra from which this data was obtained are included in appendix G. This data was 
obtained from stainless steel bolts examined by Boeing and from aluminum tray clamp surfaces 
analyzed at Virginia Polytechnic Institute and State University (ref. 29). Control bolts show peaks 
at 103.5-104 eV, as expected for silicates. Control tray clamps showed slight amounts of Si 
present as silicone, with ESCA peaks at about 102.5 eV. The amount present on the control 
clamps is significantly less than the amounts on the flight hardware, and may represent the 
background level in the test chamber. Many of the tray clamps examined, particularly those from 
trailing edge locations, show silicone related peaks. Specimens from rows 7, 8, and 12 each show 
silicones present One specimen from row 7, and specimens from rows 9, 10, and 1 1 indicate the 
presence of silicates. ESCA probes about a depth of 20 angstroms. The presence of silicones on 
leading edge surfaces indicate that this material was deposited at the very end of the mission, 
subsequent to any atomic oxygen exposure. This is Significant because LDEF materials had 69 
months to outgas prior to this occurrence and are not likely sources. 
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5.11 Tantalum, Tungsten, Zirconium 


On tray D9, experiment MQQ02, a thin, porous layer of Ta20s was formed due to the exposure 
conditions. A mixture of at least four oxides were found on the tungsten specimen surface. The 
zirconium specimen on this experiment also formed a thin porous Oxide layer during flight 
Results are discussed further in reference 19, including a table of oxide thicknesses on each metal 
flown on this experiment. A portion of each specimen was shielded from direct exposure during 
flight by an aluminum bar, effectively creating an "internal standard" for each sample. Reflectance 
data for tantalum is published in reference 23. 

5.12 Tin 

Except for possible surface oxidation on the leading edge specimens, this material was unchanged. 
Trace amounts of contamination on all tin specimens from A01 14 masked any effects on the metal 
itself. 

5.13 Titanium 

The titanium specimen flown on experiment A0171 was half-exposed and half-protected. Only 
slight changes in the optical properties were observed (ref. 23). 

5.14 Platinum 

No change in the properties of this material were observed. Extremely thin silicon based 
contamination was present on both specimens of this material flown on experiment A01 14. 

5.15 Textured Surfaces and Thin Coatings 

Small variations in the thermal emittance of silicon and titanium coated specimens from the Ion 
Beam Textured and Coated Surfaces Experiment were observed as a result of exposure on row 6 
of the LDEF (ref. 30). Copper showed a rather large change (0.50 to 0.69) in thermal emittance. 
Optical properties of Inconel, stainless steel, and black chrome specimens horn the Ion Beam- 
Textured and Coated Surfaces (IBEX) experiment were virtually unchanged. Textured, "leafing 
aluminum" was used as an AO barrier for selected composite specimens from M0003. This 
material vas virtually unchanged as a result of flight exposure. 


32 


6.0 Components 


6.1 Primary Structure 

The primary structure and structural fasteners have been examined and reported on by several 
groups (ref. 31). No changes due to the space environment exposure on LDEF have been found. 

6.2 Cold Welding 

Investigation of potential cold welding of metals in space was the subject of one part of the 
FRECOPA experiment, A0138, (refs. 32-33). The Systems Special Investigation Group also 
examined Adware for evidence of this phenomenon. Results of these investigations are presented 
in reference 34. No evidence of cold welding of metals was found on LDEF. 


7.0 Summary 


In summary, effects of exposure on metals ranged from essentially no effect, to surface 
color changes due to contamination deposits, to some degradation due to oxidation, to extreme 
damage and loss of material under atomic oxygen exposure. 

Specific results, presented at the Third LDEF Post-Retrieval Symposium, are repeated below. 
Metals are higly variable in their response to the LEO environment. Gold and Platinum are 
nonreactive. Osmium forms a volatile oxide and is rapidly eroded under exposure to made 
oxygen. Silver, which forms a nonprotective oxide, is rapidly eroded. Other metals (Al,Cu,Ga, 
Ge, Ir, Mo, Ni, Ti, and Sn) show some level of reaction unless protected. Contamination is a 
major contributor to exposure effects on metal Surfaces. Absorptance is significantly greater for 
bare aluminum than for CAA aluminum. Emittance is significantly less for aluminum than for 
CAA aluminum. The surface properties of both bare aluminum and CAA aluminum are little 
changed by exposure to LEO environmental conditions. Magnesium in alu min um alloys is 
preferentially oxidized relative to aluminum. An oxide coating forms on exposure of copper to 
atomic oxygen that impedes further oxidation. The oxide coating adversely affects the opti ca l 
properties of copper. Copper without surface protection may be used for extended periods of time 
in aplications where thermal management and optical performance requirements are not critical 

The changes to the metals are essentially due to surface or near-surface effects. For material « 
which form non-passivating oxides, the damage can be extensive over time. 
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Appendix A 


ESCA Spectra for selected bolts from a distribution of locations 

on the LDEF. 


The nomenclature used to identify the location of the bolts investigated is bay (A-F), row(l-12)- 
tray clamp number (1-8), bolt (a, b, or c), measurement number (1 or 2). For Earth or space end 
clamps the designations are G or H respectively, followed by a location number (1-12) associated 
with a row. 



List of Figures 


Figure Number Title of Figure Pa 8* 

Figure A-l Survey ESCA spectrum for stainless steel bolt, ground 

control 1, location 1. A-6 

Figure A-2 Survey ESCA spectrum for stainless steel bolt, ground 

control 1 , location 2. A-7 

Figure A- 3 Survey ESCA spectrum for stainless steel bolt, ground 

control 2, location 1. A-8 

Figure A-4 Survey ESCA spectrum for stainless steel bolt, ground 

control 2, location 2. A-9 

Figure A-5 Survey ESCA Spectrum for stainless steel bolt Bl, 2b-l. A- 10 

Figure A-6 Survey ESCA spectrum for stainless steel bolt Bl, 2b-2. A- 11 

Figure A-7 Survey ESCA spectrum for stainless steel bolt D2, 4c- 1. A-12 

Figure A-8 Survey ESCA spectrum for stainless steel bolt D2, 4c-2. A-13 

Figure A-9 Survey ESCA spectrum for stainless steel bolt F2, 2c-l. A- 14 

Figure A-10 Survey ESCA spectrum for stainless steel bolt F2, 2c-2. A-15 

Figure A-l 1 Survey ESCA spectrum for stainless steel bolt F2, 8b-l. A-16 

Figure A-12 Survey ESCA spectrum for stainless steel bolt F2, 8b-2. A- 17 

Figure A-13 Survey ESCA spectrum for stainless steel bolt C3, 8a-l» A-18 

Figure A-14 Survey ESCA spectrum for stainless steel bolt C3,8a-2. A-19 

A-2 


Figure Number Title of Figure 


Figure A- 1 5 Survey jBSCA spectrum for stainless steel bolt C3, 8b- 1 . 

Figure A-16 Survey ESCA spectrum for stainless steel bolt C3, 8b-2. 

Figure A- 17 Survey ESCA spectrum for stainless steel bolt E3, 5b- 1 . 

Figure A-18 Survey ESCA spectrum for stainless steel bolt E3, 5b-2. 

Figure A-19 Survey ESCA spectrum for stainless steel bolt L4, 2b-l. 

Figure A-20 Survey ESCA spectrum for stainless steel bolt D4, 2b-2. 

Figure A-21 Survey ESCA spectrum for stainless steel bolt E4, 7c-l . 

Figure A-22 Survey ESCA spectrum for stainless steel bolt E4, 7c-2. 

Figure A-23 Survey ESCA spectrum for stainless steel bolt C5, 4b- 1 . 

Figure A-24 Survey ESCA spectrum for stainless steel bolt C5, 4b-2. 

Rgure A-25 Survey ESCA spectrum fw stainless steel bolt D5, 8c-l . 

Figure A-26 Survey ESCA spectrum for stainless steel bolt D5, 8c-2. 

Figure A-27 Survey ESCA spectrum for stainless steel bolt B6, 3b- 1 . 

Figure A-28 Survey ESCA spectrum for stainless steel bolt B6, 3b-2. 

Figure A-29 Survey ESCA spectrum for stainless steel bolt B6, 8b- 1 . 

Figure A- 30 Survey ESCA spectrum for stainless steel bolt B6, 8b-2. 

Figure A-3 1 Survey ESCA spectrum for washer from stainless 
steel bolt B6,8b-3. 



Figure Number Title of Figure Page 

figure A-32 Survey ESCA spectrum for stainless steel bolt F6, 6c- 1 . A-37 

Figure A-33 Survey ESCA spectrum for stainless steel bolt F6, 6c-2. A-39 

Figure A-34 Survey ESCA spectrum for stainless steel bolt F7,8a- 1. A-40 

Figure A-35 Survey ESCA spectrum for stainless steel bolt F7, 8a-2. A-41 

Rgure A-36 Survey ESCA spectrum for stainless steel bolt E8, 4b-l . A-42 

Figure A-37 Survey ESCA spectrum for stainless steel bolt E8, 4b-2. A-43 

Rgure A-38 Survey ESCA spectrum for stainless steel bolt F9, 5a-l . A-44 

Rgure A-39 Survey ESCA spectrum for stainless steel bolt F9, 5a-2. A-45 

Rgure A-40 Survey ESCA spectrum for stainless steel bolt E10,4a-1. A-46 

Rgure A-41 Survey ESCA spectrum for stainless steel bolt E 10, 4a-2. A-47 

Rgure A-42 Survey ESCA spectrum for stainless Steel bolt E10, lc-l . A-48 

Rgure A-43 Survey ESCA spectrum for stainless steel bolt E10, 1C-2. A-49 

Rgure A-44 Survey ESCA spectrum for stainless steel bolt A 11, 8a- 1. A-50 

Rgure A-45 Survey ESCA spectrum for stainless steel bolt All, 8a-2. A-51 

Rgure A-46 Survey ESCA spectrum for stainless steel bolt B 11, 4c- 1. A-52 

Rgure A-47 Survey ESCA spectrum for stainless steel bolt B 1 1, 4c-2. A-53 

Rgure A-48 Survey ESCA spectrum for stainless steel bolt Dll, 3b- 1. A-54 

A-4 


V . 


Figure Number Title of Figure Page 

Figure A-49 Survey ESCA spectrum for stainless steel bolt Dll, 3b-2. A-55 

Figure A-50 Survey ESCA spectrum for stainless steel bolt A 12, 8c- 1. A-56 

Figure A-5 1 Survey ESCA spectrum for stainless steel bolt A 1 2, 8c-2. A-57 

Figure A-52 Survey ESCA spectrum for stainless steel bolt G6, 1 2b- 1 , A-58 

Figure A-53 Survey ESCA spectrum for stainless steel bolt G6, 12b-2. A-59 

Figure A-54 Survey ESCA spectrum for stainless steel bolt H6, 5c-l . A-60 

Figure A-55 Survey ESCA spectrum for stainless steel bolt H6, 5c-2. A-61 

Figure A-56 Survey ESCA spectrum for washer from stainless 62 

steel bolt H6. A-62 

Figure A-57 Survey ESCA spectrum for bottom tip of ground 

control stainless steel bolt 2. A-63 

Figure A-58 Survey ESCA spectrum for bottom tip Of stainless 

steel bolt C3, 8a. A-64 

Figure A-59 Survey ESCA spectrum for bottom tip of stainless 

steel bolt D2, 4c. A-65 

Figure A-60 Survey ESCA spectrum for bottom tip of stainless 

steel bolt E4, 7c. A-66 
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Hon Oct 04 06: SI j 4B H Probc ESCA Console 

CNTRL1-1.MRS Fri Oct 01 07:S6:38 1993 

LOEF - Stainless Steel Bolt 

Spot: 400x1 008p Resolution: 4 

Scans: 20 of 20 Neutralizer: 0,le9 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



• ? 4 

J5 * w 

i N © 


» & - 

Z w w M 

T <•* • w 

w » 20 


Surface Composition Table Summary 


File names CNTRL1_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Fri Oct 1 07:56 1993 


Na 

(Is) 

1071.4 

4.19 

Zn 

(2p3) 

1022.1 

0.66 

0 

(Is) 

531.7 

12.05 

N 

(is) 

399.1 

0.82 

C 

(Is) 

284.6 

80.78 

Si 

(2p) 

104.0 

1.51 


Figure A-l Survey ESCA spectrum for stainless steel bolt, ground control 1 
location 1. 


± 




Mon Oct 04 06:53:01 
CNTR1.1~2.MRS Fri 

LDEF - Stainless Steel 
Spot: 480x1000# 

Scans: 20 of 20 

Region: 1/ 1 


HProbo EtiCA Console 
Oct 01 11:32:31 1V93 
Bolt 

Resolution: 4 

Neutralizer: 0.1eU 

Aperture; None 


User ID: JESSE 
Operator: Jesse Cher id 

Energy: 

Counts: 



File name: 

CNTRL1 2. MRS 


Region: 

1 


Description: LDEF - Stainless Steel Bolt 

Operator: 

Jesse Cherian 


Date: 

Fri Oct 1 ll: 

32 1993 

Element 

binding Energy 

atom % 

Na (Is) 

1071. 2 

4.35 

Zn ( 2p3 ) 

1021.8 

0.87 

O (Is) 

831.6 

12.17 

c (Is) 

284.6 

81.10 

Si ( 2 p ) 

104.1 

1.50 


Figure A-2 Survey ESCA spectrum for stainless steel bolt, ground control 1 , 
location 2. 


A-7 


Hon Oct 04 06:51*10 N- Probe ESC 0 Consol© 

CNTRL2-1.HRS Fri Oct 01 13:20:58 1993 

LDEF - Stainless Stool Bolt 

Spot: 400xl000Jf Resolution: 4 

Scons: 20 of 20 Me utr* liter: 2.0©U 

Region: 1/ 1 Aperture: Hone 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



File name: CNTRL2_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: Jesse Cherian 

Date: Fri Oct 1 13:20 1993 


Element 

Bindinc Enerov 

atom 

Na (Is) 

1071.3 

4.37 

O (18) 

531.8 

11.91 

C ( Is ) 

284.6 

81.22 

si (2p) 

103.4 

2.50 


Figure A-3 Survey ESCA spectrum for stainless steel bolt, ground control 2, 
location 1. 
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- H * Probe ESCft 

, C 2J* L2 -?; N * S , S*t Oct 82 HC:26i 3S 1993 

LO£F - SUinlm !>t«ol Doit 

Spot i 480x1000*1 Resolution 4 

toaion- 28 ° 1 / *? Neutraliser: 2 0eU 

1/ 1 Aperture: None 


User ID: JESSE 
Operator i Jesse Clierlan 

Energy: 

Counts : 



Surface Composition Table Summary 


Mie name: 

Region: 

Descriptions 

Operator: 

Date: 


1 

LDEF - Stainless Steel Bolt 

Jesse Cherian 

Sat Oct 2 06:26 1993 


Binding Energy 


Elowent 

Na (is) 
F Us) 

o (18) 

c (Is) 
Si (2p) 


1071.3 

683.4 

531.5 

284.6 

103.6 


6.33 

1.03 

12.30 

78.83 

1.46 


Figure A-4 Survey ESCA spectrum for stainless steel bolt, ground control 2, 
location 2. 



• ±2 £? lL W ' m ' SZ u , H Prob ” Console 

LOPP c?*? . Hed ftug 11 09t44:15 1993 

tDEF - Stainless Steel Bolt 

i£ns. Resolution: * 

fcolon- 28 °i f / *? Heutrol izer : B.ieU 

* e9, °" ! 17 1 Aperture : Hone 


User ID: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 


- 410000 - 


* ^ 

* 

w a 

~ $1 


ft. • 

01 ^ 


• ft. 

<# M ^ 

J r « » , 

7 40 ~ w 


Surface Composition Table Summary 


Pile name: B012B__l.MRS 

Region: X 

n^"f PtionS LDEP - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Wed Aug 11 09:44 1993 


• i 

Na 

(Is) 

1071.3 

12*85 


Ni 

(2p3) 

857.5 

0.37 

5' 

Co 

(2p3) 

736.3 

0.68 


Fe 

( 2p3 ) 

712.5 

1.43 

' 1 

F 

Cr 

( Is) 

(2p) 

685.3 

578. C 

0*76 
C . 27 

/'• 

0 

(Is) 

532.3 

52*.80 

■f 

Oa 

(2p) 

348.3 

0.45 

r ‘t. 

(4 4 

(2 s) 

284. e 

13 o02 

C 

O J. 

! Ip) 

102 . f - 

17.35 


Figure A-5 Survey ESCA spectrum for stainless steel bolt Bl, 2b- 1. 
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, Thu Aug 12 09:12:58 
B012B-2.HRS Hed 

L8EF - Stainless Steel 
Spot: 400x1 800 y 

Scans: 20 of 20 

Region: 1/ 1 


M-Probe ESCA Console 
11 11:14:03 1993 

Resolution: 4 
Neutralizer: 0.1eU 
Aperture: None 


User ID: JESSE 
Operator: Jesse Cherian 

Energg: 

Counts: 



File names B012B_2.MRS 

Region: 1 

Description: LDEF - Stainless steel Bolt 

Operator: Jesse Cherian 

Date * '»ed Aug 11 11:14 1993 


Binding Energy 


Element 

Na (Is) 
Fe (2p3) 
F (Is) 
Cr (2p3) 
O (Is) 
Ca ( 2p) 

K (2p3) 
C (Is) 
Si ( 2p) 


1071.1 

712.9 

685.0 

579.0 

532.4 
348.2 

293.5 

284.6 

103.0 


-atm % 

11.44 

2.00 

0.94 

0.34 

54.04 

0.52 

0.60 

12.61 

17.51 


Figure A-6 Survey ESCA spectrum for stainless steel bolt B 1 , 2b-2. 
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Mon Oct 04 11:48:24 M- Probe ESCA Console User ID: JESSE 

D024C-01 . MRS Set Oct 02 12:04: IS 1993 Ope re tor: Jesse Cherien 

LDEF - Stainless Steel Bolt 

Spot: 480x1 000p Resolution: 4 Energy: 

Scans: 20 of 20 Neutralizer: 0.1eU Counts: 

Region: 1/ 1 Aperture : None 







*>» Oct 04 12:04:52 M- Pro be ESCA Console 

O024CJ02.HR8 Sot Oct 02 13:08:55 1993 

UEF - Stainless Steel Bolt 

Spot: 400x1000*) Resolution: 4 

Scans: 20 of 20 Neutral leer: 0.1eU 

Region: 1/ 1 Aperture: Hone 


User ID: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 



File name: D024C_02.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: Jesse Cherian 

Date: Sat Oct 2 13:08 1993 


Na 

(Is) 

1071,0 

6.59 

Fe 

(2p3) 

713o 4 

0.84 

F 

Us) 

663,9 

2.16 

Cr 

(2p3) 

578.9 

0.70 

0 

(18) 

533 o0 

46.97 

c 

(18) 

284o6 

26.62 

Si 

(2p) 

103o 6 

16.12 


Figure A-8 Survey ESCA spectrum for stainless steel bolt D2, 4c-2. 
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Hon Sep 13 11:14:0S W- Probe ESCA Console 

F022CJ01.MRS Fri Sep 10 13:S1:1? 1993 

LDEF - Stainless Steel Bolt 

Spot: 400x1000? Resolution: 4 

Scans: 20 of 29 neutraliser: 0.1eV 

Region: 1/ 1 Aperture: Rone 


User IB: JESSE 
Operator: Jesse Cher Ian 

Energy: S21 »40 eV 

Counts : 8004 



File name: FC22C_01.MRS 

Region: 1 

Description: LDEF - Stainless Steel Belt 

Operator: Jesse Cherian 

Date: Fri 3ep 1C 13:51 1993 


Binding Eatrav atQB.% 


Na 

( 1*) 

1071*0 

14.63 

Fe 

(2p3) 

712*C 

1.09 

F 

(Is) 

634*2 

1.13 

Cr 

(2p3) 

577.3 

0.63 

r\ 

(Is) 

532*8 

46*62 

Ca 

(2p) 

Ar n 

. t 

0.22 

K 

{ 2pl) 

294.3 

0.94 

n 

w 

{ is) 

284.6 

19.63 


(2p) 

199.1 

C.59 

Si 

(2p) 

103*3 

14.52 


Figure A-9 Survey ESCA spectrum for stainless steel bolt F2, 2c- 1 . 


A- 14 


Hon Sep 13 06*18; 12 M- Pro be ESCfl Console 

F022CJ02.MRS Frl Sep 10 14:55*67 1993 

LDEF - Stainless Steel Bolt 

Spot: 408xl000p Resolution: 4 

Seans: 20 of 20 Neutralizer: 0.1eU 

Region: 1/ 1 Aperture: None 



Surface Composition Table Summary 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 


Pile name: 

F022C_02 .MRS 


Region: 

1 


Description: LDEF - Stainless Steel Bolt 

Operator: 

Jesse Cherian 


Date: 

Pri Sep 10 14: 

55 1993 

Element 


atom % 

Na (Is) 

1071*1 

8.02 

Pe (2p3) 

712*4 

0.99 

F (Is) 

684*3 

0.79 

Cr (2p3 ) 

577.8 

0.48 

0 (is) 

532.5 

49.69 

C (18) 

284.6 

21.92 

Cl (2p) 

198.7 

0.61 

Si (2p) 

103.0 

17.50 


Figure A-10 Survey ESCA spectrum for stainless steel bolt F2, 2c-2. 
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Thu Sep 16 11:11:28 M- Pro be ESCA Console 

F828B JB1 . MBS Hon Sep 13 10:44:43 1993 

LDEF - Stainless Steel Bolt 

Spot: 408xl000p Resolution: 4 

Scans: 20 of 20 Neutralizer: 0.1eV 

Peffion: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



File name: F028B_Q1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Mon Sep 13 10:44 1993 


Element 

Bindina Energy 

atom % 

Na (Is) 

1071.2 

8.06 

Fe (2p3) 

713.9 

1.43 

f us: 

687.3 

1.50 

Cr (2p3) 

579.5 

0.48 

C (Is) 

533.8 

46.90 

N (Is) 

399.0 

0.71 

Ca ( 2p) 

349.3 

0.33 

K (2p3) 

292.6 

0.70 

C (Is) 

284.6 

24.54 

Cl (2p) 

198.9 

0.93 

si ( 2 p; 

1 A 4 A 

14.42 


Figure A-l 1 Survey ESCA spectrum for stainless steel bolt F2, 8b-l. 
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Fri Sep 10 10:02:23 M- Probe ESCA Console 

F028BJB2.HBS Fri Sep 10 09:28:58 1993 

LUFF - Stainless Steel Bolt 

Spot: 400x1 000 jj Resolution: 4 

Scans: 20 of 20 Neutraliser: B.leU 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 




Surface Composition Table Suanaxy 


File name; 

Region: 

Description: 

Operator: 

Date: 


F028B_02 .MRS 
1 

LDEF - Stainless Steel Bolt 

Jesse Cherian 

Fri Sep 10 09:28 1993 


Na 

(Is) 

1070*0 

8.76 

Fe 

(2p3) 

712.2 

1.53 

F 

(Is) 

685.4 

1.59 

Cr 

(2p3) 

577.8 

0.60 

O 

(IS) 

532.0 

47.54 

Ca 

(2p) 

348.0 

0.37 

Y 

(3p3) 

304.7 

0.36 

X 

( 2p) 

294.0 

0.21 

c 

(is) 

284.6 

21.94 

Cl 

( 2p) 

197.0 

0.70 

Si 

(2p) 

102.7 

16.40 


Figure A- 1 2 Survey ESCA spectrum for stainless steel bolt F2, 8b-2 








Hon Oct 04 10:47:46 H- Probe ESC* Console 

C83m_01,HftS Set Oct 02 09: 54; S3 1993 

LDEF - Stainless Steel Bolt 

Spot: 400x1 000 p Resolution: 4 

^ans: 20 of 20 Neutralizer: 0.1eU 

0®0ion: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



File name: C038A 01. MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Sat Oct 2 09:54 1993 


Element 

Binding Energy 

atom 

Na 

(18) 

1069.8 

6.23 

Fe 

(2p3) 

712.4 

0.73 

F 

(Is) 

681.8 

1.54 

Cr 

(2p) 

577.9 

0.17 

0 

(Is) 

532.4 

37.37 

c 

(13) 

284.6 

44.42 

Si 

(2p) 

102.9 

9.54 


Figure A-13 Survey ESCA spectrum for stainless steel bolt C3, 8a-l. 
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t* 
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Hon Oct 04 10:52:08 

H- Probe ESCA Console 

User ID; JESSE 


C038AJB2.MRS Sat 

Oct 02 10:59:34 1993 

Operator: Jesse Cherian 


LDEF - Stainless Steel 

Bolt 


Spot: 400x1 000 p 

Resolution: 4 

Energy: ?81.0? eU 


Scans: 20 of 20 

Neutraliser: 0,leU 

Counts : S6S4 


Region; 1/ 1 

Aperture: None 





* W A, 

M w 


Surface Composition Table Summary 


File name: C038A_02.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: 

Date: 


Jesse Cherian 

Sat Oct 2 10:59 1993 


EH 

spent. 

Binding Energy 

atom 

Na 

(Is) 

1071*2 

6.67 

F 

(Is) 

687*6 

1.31 

0 

(18) 

531.9 

29.74 

N 

(Is) 

398.6 

0.63 

C 

(lB) 

284.6 

55.25 

Cl 

(2p) 

197.5 

0.22 

S 

(2p) 

169.4 

0.54 

Si 

(2p) 

102.2 

5.65 


Figure A-14 Survey ESCA spectrum for stainless steel bolt C3, 8a-2 




Hed Aug 11 08:57:06 H-Probc ESCA Console 

C38B-1.HHS Tue Aug 10 13:35:12 1993 

UJEF - Stein lees Steel Bolt 

Spot: 400x1600*1 Resolution: 4 

Scene; 20 of 20 Neutraliser: 8.1eM 

Region; 1/ 1 Aperture; Hone 


User 10; JESSE 
Ope re tor: Jesse Cher! an 

Energy; 

Counts: 



Pile name: C38BJUMRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 10 13:35 1993 


Element 

Bindino Enerov 


Na 

(Is) 

1071.7 

5.75 

Pe 

(2p3) 

712.2 

1.09 

F 

(Is) 

684.6 

0.65 

Cr 

(2p3) 

576.9 

0.80 

0 

(is) 

532.1 

45.89 

N 

(Is) 

399.2 

0.93 

Si 

(2p) 

102.5 

11.56 

K 

(2p) 

(is) 

293.8 

C. 93 

C 

285.0 

32.41 


Figure A- 1 5 Survey ESCA spectrum for stainless steel bolt C3, 8b- 1 . 
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* Med Aug 11 09:23:4? 

' C38B-2.MRS Tue 

LDEF - Signless Steel 
Spot: 400x1 000p 

Scene: 20 of 20 

Region: 1/ 1 


M- Probe ESCA Console 
Aug 10 14:41:23 J993 
Bolt 

Resolution: 4 

Neutralizer: B.leM 

Aperture : Rone 


User ID: JESSE 
Operator: Jesse Cherlan 

Energy: 

Counts: 



File name: C38B._2.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 10 14:41 1993 


Element 

Bindina En.rov 

atom % 

Na (Is) 

1071.8 

5.28 

Cu C2pi) 

933.0 

0.62 

Fe (2p3) 

711.7 

1.25 

F (is) 

685.2 

0.54 

Or { 2p) 

577.0 

0.57 

O (IB) 

532.3 

46.37 

K ( 2p) 

293.3 

0.26 

C (Is) 

284.6 

33.04 

Si (2p) 

102.6 

12.06 


Figure A-16 Survey ESCA spectrum for stainless steel bolt C3, 8b*2. 
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Thu Aug 12 16:21:1? H- Pro he ESCA Console 

E35B~1 .MRS Thu Aug 12 16:11:14 1993 

LDEF - Stole less Steel Bolt 

Spot: 400xl000p Resolution: 4 

Scans: 20 of 20 Neutralizer: 0.1eM 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher! an 

Energy: 

Counts: 



File name: E33B_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Thu Aug 12 16:11 1993 


BAfigsnt Binding En ergy atom % 


Na 

(Is) 

1070.0 

7.89 

Fe 

(2p3) 

712.8 

1.48 

cr 

( 2p3 ) 

577.6 

0.73 

0 

(Is) 

532.3 

45.89 

N 

(is) 

399.5 

0.73 

C 

(Is) 

284.6 

29.26 

Cl 

(2p) 

197.7 

0.34 

Si 

( 2p) 

102.6 

13.67 


Figure A-17 Survey ESCA spectrum for stainless steel bolt E3, 5b- 1 . 
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E34n*9°MM 1,lH3l2B - H-Probo ESCft Console 

rSe . Tuc **0 1? 091.14(29 1993 

LDKF - jt«inl0ss Steel Bolt 

2?° t{ Resolution: 4 

Scons: 20 of 20 Neutralizer: B.leU 

Region: 1 / l Aperture: None 


rl 00000- 


User ID: JESSE 
Operator: Jesse Cher i a 


Energy: 

Counts: 



File name: E35B 2. MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

operator : Jesse cherian 

Date: Tue Aug 1? 09:34 1993 


nt B inding Energy a Lon % 


Na (Is) 
Fc ( 2p3 ) 
Cr ( 2p3 ) 
“ Us) 
(Is) 
(Is) 
(2p) 
(2p) 


c 

N 

n 

CJ 

Si 


1069.7 

712.0 

577.6 
531.9 

399.3 

284.6 

197.4 

102.4 


7.68 

1.50 

0.63 

42.95 

0.93 

33.61 

0.80 

11.90 


Figure A- 18 Survey ESCA spectrum for stainless steel bolt E3, 5b*: 
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l«e Aug 10 08:32:51 
D042B-1.NRS Tuc 

LDEF - Stainless Steel 
Spot: 400x1000V 

Scans: 20 of 20 

Region: 1/ 1 


M- Probe ESCA Unsole 
Aug 10 0?:40:04 1993 
Bolt 

Resolution* 4 

Neutraliser: 0.1eM 

Aperture : None 


User ID: JESSE 
Operator: Jesse Chert an 

Energg: 

Counts: 



File name: D042B_1.MRS 

Region : 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 10 07:40 1993 


Element 

Binding Energy 

atom % 

Na 

(Is) 

1071.1 

8.45 

F 

(is) 

684 3 

0.59 

Cr 

(2p3) 

577.7 

0.37 

0 

(is) 

531.8 

38.80 

N 

(Is) 

400.5 

0.92 

C 

(is) 

284.6 

40.96 

Cl 

(2p) 

198.3 

0.36 

Si 

( 2 p ) 

102.2 

9.54 


Figure A-19 Survey ESCA spectrum for stainless steel bolt D4, 2b-l. 
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• SSlLS'l ilc 09 ’ 13 ’ 52 , "-Probe ESC* Console 

WH2B-2.KJB Tue Aug 10 08:48:53 1993 

EBEF - Stainless Steel Belt 

Resolution: 4 

28 # f . 28 Houtr.lUer: 0.1eV 

"•fftoiie 1/ 1 Aperture : None 


User ID; JESSE 
Operator: Jesse Chert an 

Energy: 

Counts: 


ft Ah 
w **? 
2 


^ k 

£ • 

A u 

0) g 

W < 

fa -W 

v s 


01 

. „ • Oe- 


~ - W «» 

~ « {ft W >JW 

® i I 


Surface Composition Table Summary 


Pile name: 
Region: 


D042B_2.MRS 

1 


Descriptions LDEF - stainless Steel Bolt 


Operator: 

Date: 


Jesse Cherian 

Tue Aug 10 08:48 1993 



Na 

(18) 

1071.3 

8.56 

' 

Zn 

(2p3) 

1021.6 

1.36 

r 

Cr 

(203) 

577.5 

0.42 

* 

0 

Us) 

531.8 

37.62 

- 

N 

(Is) 

398.1 

1.03 

’■ 

C 

Cl 

(Is) 

( 2p) 

284.6 

197.8 

41.72 

0.44 


Si 

(2p) 

102.2 

8.85 


Figure A-20 Survey ESCA spectrum for stainless steel bolt D4, 2b-2. 
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"ii i File name: E047C_01.MRS 

2 /* Region: 1 

" 0 4 Description: LDEF - Stainless Steel Bolt 







Hon Oct 04 10:45:31 

M- Pro be ESCA Console 

User 10: JESSE 

EM7C-82.HRS Sat Oct 02 08:50:12 1993 

LDEF - Stainless Steel Bolt 

Operator: Jesse Cher i an 

Spot: 400x100011 

Resolution: 4 

Energy: 

Scans: 20 of 20 

Neutraliser: S.leU 

Counts: 

Region: 1/ 1 

Aperture : None 



1 1 

660 

1 1 1 1 — 

440 220 

Surface Composition Table Summary 

File names 

E047C_02 .MRS 

Region: 

1 

Descriptions 

LDEF - Stainless Steel Bolt 

Operators 

Jesse Cherian 

Da' •: 

Sat Oct 2 08s 50 1993 



Na 

(is) 

1069.9 

5.67 


Fe 

(2p3) 

712e9 

0.50 


F 

(is) 

666.5 

1.53 

V 

0 

(18) 

531.9 

29.16 

: 

N 

(18) 

398.4 

0.93 

». 

K 

(28) 

374.6 

1.04 


C 

(18) 

284.6 

54.65 

; L 

Cl 

(2p) 

197.7 

0.32 


Si 

(2p) 

102.5 

6.22 


Figure A-22 Survey ESCA spectrum for stainless steel bolt E4, 7c-2 







Thu Aug 12 14:02:38 H- Pro be ESCA Console 

CS4B-1.NBS Tim Aug 12 13:53:19 1993 

LBEF - Stainless Steel Bolt 


Spot: 480xl088p 
Scans: 28 of 28 
Region: 1/ 1 


Resolution: 4 
Neutraliser: 8.1eU 
Aperture : None 


User ID: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 



Pile name: C54B_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Thu Aug 12 13:53 1993 




atom 

Na 

(Is) 

1070*1 

10.02 

Cu 

(2p3) 

932*6 

0.99 

Fe 

(2p3) 

711.9 

1.22 

F 

(Is) 

685.5 

2.79 

Cr 

(2p3) 

577.4 

0.25 

0 

(Is) 

531.8 

37.14 

N 

(Is) 

398.3 

0.99 

C 

(is) 

284.6 

36.74 

Cl 

( 2p) 

198.6 

0.46 

Si 

(2p) 

102.4 

8.55 

K 

(2p) 

293.2 

0.83 


Figure A-23 Survey ESCA spectrum for stainless steel bolt C5, 4b- 1 . 
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. S «IS £?«“ ,s,K,,e 19,3 

5*2;, «*■“•» um., , 


U»or ID: JESSE 
Operator: Jesse Cher I 

Energy: 

Counts : 


• u* 

w 5j 

z ^ 


fa 
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* 

7 rO 

« *A 

w *W~ 

A N-W • 


# • M 3 


m 






A 

01 

0 

0) 

w 

A 

0) 

w 



w 

p* 

U 

«** 

» 

X. 

«e* 
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Surface Coapoeitlon Table Sussaary 


File name: C54B_2.MKS 

Region: 1 

SE™ 22.*c£S2~ s ““ *=“ 

Date: Thu Aug 12 15:02 1993 


Na ( is) 
Fe (2p3) 
F ( 18 ) 
Cr (2p3) 
0 (Is) 

N (Is) 

K (2o) 

C (Is) 
Cl ( 2p) 
Si ( 2p) 


1069.7 

712.3 

685.5 

577.4 

531.7 

398.7 

293.2 

284.6 
197.0 

102.3 


9.26 
1.20 
2 88 
0.51 
41.80 
0.93 
0.19 
28.26 
0.91 

14.07 


Figure A-24 Survey ESCA spectrum for stainless steel bolt C5, 4b-2. 



Fri Sep 18 U:4S:B2 M- Pro be ESCfl Console 

WB8CJW.HHS Fri Sep 18 11.40:18 1993 

LD£F - Stainless Steel Bolt 

Spot: 400xl000p Resolution: 4 

Scans: 20 of 20 Neutraliser: S.leU 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



File name: D058CL.01.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: 

Jesse Cherian 


Date: 

Fri Sep 10 11: 

40 1993 

Element 

Bindino Enerov 

atom % 

Ha (Is) 

1069*5 

9.07 

Fe ( 2p3 ) 

712.2 

1.61 

F (is) 

686.7 

1.39 

Cr (2p3) 

577.2 

0.57 

0 (Is) 

531.8 

38.38 

N (Is) 

399.2 

1.10 

C (Is) 

284.6 

35.35 

Cl <2p) 

197.9 

0.44 

Si (2p) 

102.3 

11.21 

K C2p) 

294.5 

C. 88 


Figure A-25 Survey ESCA spectrum for stainless steel bolt D5, 8c-l. 
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Hon Sep 13 (56:09:25 M-Probe ESCA Console User ID; JESSE 

DBS8C-02. MRS Erl Sep 10 12:46:34 1993 Operator: Jesse Cherlan 

LDEF - Stainless Steel Belt 

Spot: 400x1 000p Resolution: 4 Energy: 

Scans: 20 of 20 Neutralizer: 0.1eV Counts: 

Region: 1/ 1 Aperture: Hone 






Non Sep 13 06:53:30 M- Pro be ESC* Console 

B063B-01.NKS Fri Sep 10 i8:09:S9 1993 

10EF - Stein lets Steel Bolt 

Spot; 400x100011 Resolution: 4 

Scans: 20 of 20 Neutraliser; 0,loU 

Region: 1/ 1 Aperture: Hone 


User IB: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 


w Ufa 

• *• 

Z *m 

1 ** 

« 


O * 

I fa 

* 

9 

< 




^ • 

& 


» 0 

5 

M Aw 

0) 

3 : 

Z* ^ 

J 

w 

» 

1 






1 * 

660 

j— » 

440 

"J 1 

220 

Surface Composition Table Summary 

File name: 

B063B_01 .MBS 


Region: 

1 


Description: 

LDEF - Stainless 

Steel Bolt 

Operator: 

Jesse Cherian 


Date: 

Pri Sep 10 18:09 

1993 


Na 

(Is) 

1071*2 

10.90 

Fe 

(2p3) 

713*2 

1.22 

F 

(18) 

684.6 

2.02 

Cx 

(2p3) 

578.3 

0.40 

0 

(Is) 

532.8 

36.02 

N 

(U) 

401.1 

0.98 

C 

(Is) 

284.6 

39.42 

Cl 

(2p) 

198.1 

0.41 

s 

(2p) 

170.0 

0.73 

Si 

(2p) 

103.5 

7.90 


Figure A-27 Survey ESCA spectrum for stainless steel bolt B6, 3b- 1 . 






Hon Sop 13 Hi Mi 20 

M-Probc ESCA Console 

User ID: JESSE 

9S63BJ02.H1S Hon Sop 13 13*22:84 1993 

LDEF * Stainless Stool Bolt 

Operator: Jesse Cher A an 

Spot: 400x1 000 y 

Resolution: 4 

Energy: 

Scons: 20 of 28 

Neutraliser: 9,loM 

Counts: 

Region: 1/ 1 

Aperture : Hone 



Na 

(18) 

1071*2 

9*55 

Zn 

<2p3) 

1021*9 

0.66 

Pe 

(2p3) 

713*0 

0.58 

F 

(is) 

687.6 

1.70 

Cr 

(2p3) 

579.0 

0.32 

0 

(is) 

533.3 

30.67 

C 

(Is) 

284*6 

49.25 

Cl 

(2p) 

198.3 

0.93 

Si 

(2p) 

104 » 0 

6.36 


Figure A-28 Survey ESCA spectrum for stainless steel bolt B6, 3b-2 






flon Sop 13 12:07:39 M-Prohn ESC* Console 

M66B_01. HUS fri Cop 10 20:19:20 1993 

LfiEF - Stainless Stool Bolt 

Spot: 400xl000p Resolution: i 

Scans: 20 of 20 neutralizer: 0,1 q9 

Region: 1/ l Operture: Mono 


Usor ID: JESS* 

Operator: Jfoaso Cher i an 

Energy: 968.73 eU 

Counts: 37610 



Surface Composition Tabla Summary 


File name; BC58B_01.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Je*se Cherian 

Date: Fri Sep 10 20; 19 1993 


SlffMQt Binding E nergy atom * 


Ka 

Fe 

F 

Cr 

r\ 

Ca 

K 

r% 

s 

#-i1 

r 

Si 

A1 


Us) 

^ r\n ■. ^ 

U«J 

9.72 

UF3) 

713*7 

1.82 

Us) 

035*8 

1.30 

UP3) 

579.7 

0.53 

Us) 

532.3 

42.99 

(2p) 

349.2 

0.57 

Upl) 

295.6 

C.39 

Us) 

t / 

234.6 

25.17 

234.1 

a no 
v. t O 

* * 
V **?) 

193.7 

O * wj 

t A. % 

t **tf t 

103.7 

0.47 

(2p) 

103.8 

13.82 

(2?) 

*»n #r 
#1.0 

a r\ a 
*» * V-* 


Figure A-29 Survey ESCA spectrum for stainless steel bolt B6, 8b- 1 


Non Sop 13 N9{3/!l9 

Nan 

tOEF - Stainless Steel 
Spot! 1 H#k1«80U 
Scans! 2(1 oT M 
Region! 1/ 1 


M- Pro fin fcSCO Unsold 
Sep 14 ff,»!34!l? 1W3 

Dolt 

Resolution! 1 

Neutral iser! N.lcV 
npcrturc: None 


Ur, nr ID: JES6J5 
Operator! Jessn Chorion 

tnerqp! 

Counts: 


~f$tm 


-i 



File name: BCG8B_C2.MR3 

Reg ion ; 1 

Description; LD2F - 3tainless 3teel Bolt 


Operator; 

Jesse Cherian 

Date; 

Mon Sep 13 C3;32 1933 


s;« nwnt B lndlaa-gntggs atom % 


Na 

(is) 

1063*8 

10*12 

Fe 

(2p3) 

111 t 

1 A A • V 

1.97 

F 

(Is) 

034 * 5 

* A * 

X • V ** 

Cr 

t \ 

V ^P»> / 

577 « 4 

A C A 

v . -> 

A 

V 

{ Is) 

538*7 

« A A * 

*»\> t 

K 

( 2p) 

293.3 

C.13 

r% 

( Is) 

234*0 

At AC 

Cl 

(2p) 

13C.C 

"o.*57 

Si 

( 2p) 

* a n n 

1VX«3 

14*01 


Figure A-30 Survey ESCA spectrum for stainless steel bolt B6, 8b-2. 
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Hon Sep 13 08:26:29 H'Protw ESCft Console 

B060BJB3»HB8 Hon Sop 13 00:00:16 1993 

101F - Hether Fron Bolt B06QB 
Spot: 400xl000p Resolution: 4 

Scon*: 20 of 20 Neutral leer: 0,leU 

Boglon: 1/ 1 aperture: None 


User IBt 4FSSR 
Operator: .loose Sheri on 

Energy: 

Counte i 



File name; B068B_03 .MRS 

Region: 1 

Description: LDEF • Washer From Bolt B06-8B 

Operator: Jesse Che^ian 

Date: Mon Sep 1„ 08:00 1993 


EliBtnt Binding En.rov atom % 


Na 

(Is) 

1071.3 

5.20 

Fe 

(2p3) 

712.3 

0.51 

F 

(Is) 

684.9 

1.11 

0 

(Is) 

531.4 

44.38 

C 

(Is) 

284.6 

35.01 

Mo 

(3d) 

232.4 

0.13 

S 

(2p) 

168.8 

1.08 

Si 

(2p) 

102.0 

2.22 

A1 

(2p) 

74.8 

10.36 


Figure A-3 1 Survey ESCA spectrum for washer from stainless steel bolt B6, 8b-3. 
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Surf, j Composition Table Summary 


Pile name: F66C_1 .mrs 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 17 10:41 1993 


Element 

Bindino Energy 

atom & 

Na (Is) 

1071.2 

9.00 

Ni (2p3) 

858.1 

0.53 

Co (2pl) 

790.2 

1.43 

Fe (2p3) 

713.4 

1.81 

F (Is) 

684.1 

1.30 

Cr (2p) 

578.6 

0.30 

O (Is) 

532.8 

44.64 

K (2s) 

378.5 

0.77 

Ca (2p) 

349.9 

0.60 

K (2pl) 

295.1 

0.89 

C (Is) 

284.6 

22.05 

Cl (2p) 

198.3 

0.49 

P (2p) 

140.5 

1.14 

Si (2p) 

103.7 

14.32 

Mo (3d3) 

234.0 

0.73 


Figure A-32 (Continued) Survey ESCA spectrum for stainless steel bolt F6, 6c- 1 . 


Med Aug 25 09:44:2 2 M- Probe ESCA Console 

FG6C-2.MBS Tue Aug 1? 11:5?: 10 1993 

LDEF - Stainless Steel Bolt 

Spot: 400xl000p Resolution: 4 

Scans: 20 of 28 Neutralizer: 0.1eV 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts : 



File name: F66C_2.MRS 

Region: 1 

Description: LDEF • Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 17 11:57 1993 


Element 

Bindino Energy 

atom % 

Na (Is) 

1071.1 

9.65 

Fe ( 2p3 ) 

713.2 

1.49 

F (Is) 

683.8 

1.2C 

Cr ( 2p3) 

579.4 

0.36 

0 (Is) 

532.7 

47.73 

Ca (2p) 

348.3 

0.32 

K (2pl) 

295.1 

0.70 

C (Is) 

284.i 

25.07 

M:, ( Jd 3 ) 


* i nr. 

L/ ♦ €* SJ 

»« * t p ; 

198.0 

0.87 

Si ' 2p) 

1 0 2.7 

1 -i A 1 


Figure A-33 Sutvey ESCA spectrum for stainless steel bolt F6, 6c-2. 
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Thu Aug 12 12:49:34 H-Probe ESCA Console 


F78A-1.MRS Thu Aug 12 10:03:19 1993 


LDEF - Stainless Steel Bolt 
Spot: 400xl000p 

Scans: 20 of 20 

Region: 1/ 1 


Resolution: 
Neutraliser: 
Aperture : 


4 

0.1eM 

None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energg: 

Counts: 



File name: F78A_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 
Operator: Jesse Cherian 


Date: 

Thu Aug 12 10: 

03 1993 

Element 

Binding Energy 

atom • 

Na (Is) 

1069*8 

5.10 

Hi (2p3) 

856.1 

2.39 

Fe ( 2p3 ) 

712.0 

2.07 

Cr ( 2p3 ) 

578.5 

0.41 

0 (Is) 

531.7 

55.92 

Ca ( 2p) 

347.4 

0.40 

C (is) 

284.6 

16.15 

Si (2p) 

102.3 

17.56 


Figure A-34 Survey ESCA spectrum for stainless steel bolt F7,8a- 1. 
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_ „»*«• ■*» Console 

st - & « “•«*» W 

ISJ). Ho.olo.leo. 4 

*»• - " sssr « 


User Iiit JESSE 
Operator: J »te Cfcerian 

Energy: 

Counts: 


*> U 

A • 

w m 

W o ^ 

as 3 *» 


a w w 

H w y 

w S s 

as v 1 


• a 

w M ^ 

v w ^ 

2J ** ^ 

» Oi ^ 4 


Surface Composition Table Suaaaary 


File name: F78A_2.MRS 

Region: 1 

S2.-.2SS- —> “* 

Date: Thu Aug 12 11?09 lgg3 

SlWnt Binding s h arpy fl tgr 1 


Na (Is) 
Ni (2p3) 
Fe (2p3) 
Cr (2p) 

0 (la) 

N (Is) 
Ca (2p) 

C (is) 
Si ( 2p) 


1069.6 

855.7 

711.7 

576.7 
531.0 
400.3 
347.2 

284.6 


5.11 

3.06 

2.77 

0.40 

52.87 

0.46 

0.31 

16.67 

18.35 


Figune A-35 Survey ESCA spectrum for stainless steel bolt F7, 8a-2. 
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Ned Aug 11 11; 30; 3? H- Pro be ESCA Console 

E84B-1.MBS Tue Aug 10 20:04:46 1993 

U)EF " Stainless Steel Bolt 

Spot: 400xl000p Resolution: 4 

Scans: 20 of 20 Heutralizer: 0.1eM 

Region: 1/ 1 Aperture: Hone 


User ID JESSE 
Operator: Jesse Cherian 

Energg: 

Counts: 



File name: E84B_1.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: Jesse Cherian 

Date: Tue Aug 10 20:04 1993 


Element 

Binding Energy 

atom 

Na (Is) 

1071.0 

10.83 

Ni (2p3) 

857.1 

0.92 

Fe (2p3) 

712.8 

1.61 

F (Is) 

686.5 

0.55 

Cr ( 2p) 

578.4 

0.24 

0 (Is) 

533.0 

49.47 

Ca ( 2p) 

348.6 

0.46 

C (Is) 

284.6 

18.50 

Si (2p) 

103.6 

17.42 


Figure A-36 Survey ESCA spectrum for stainless steel bolt E8, 4b-l . 
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Na 

(Is) 

1069.2 

13.57 

Ni 

(2p3) 

855.6 

1.74 

Fe 

(2 P 3) 

711.7 

2.65 

Cr 

(2p) 

576.9 

0.33 

c 

(is) 

530.7 

47.10 

N 

(Is) 

399.2 

0.40 

C 

(is) 

284.6 

16.61 

Si 

! 2p ; 

101.9 

17.60 


Figure A-37 Survey ESCA spectrum for stainless steel bolt E8, 4b-2. 
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Tue Aug 10 10: 34: IB M- Pro be ESCA Console 

F9SAa.HRS Tue Aug 10 10:17:06 1993 

LDEF - Stainless Steel Bolt 

Spot: 980x10001) Resolution: 4 

Scans: 20 of 20 Neutralizer: O.leV 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 



File name: F95A_1.MRS 

Region: 1 

Description: IDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 10 10:17 1993 


BliBOTt Binding Bn arav atom % 


Na 

(Is) 

♦ l 071.6 

6.91 

Fe 

(2p3) 

713 ♦ 7 

0 25 

F 

(Is) 

684 * 5 

0.74 

0 

(Is) 

532.5 

53.02 

C 

(is) 

284.6 

17.83 

Cl 

(2p) 

198.6 

0.69 

Si 

(2p) 

102.9 

20.55 


Figure A*38 Survey ESCA spectrum for stainless steel bolt F9, 5a- 1 . 
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tae Aug 10 11:42:59 M- Pro be ESCA Console 

F9SA-2.MRS lue Aug 10 11:35:22 1993 

LOEF - Stainless Steel Bolt 

Spot: 400x1000)1 Resolution; 4 

Scans: 20 of 20 Neutraliser: 0.1eU 

Region: 1/ 1 Aperture: None 


User IB: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 



File name: F95A_2.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Tue Aug 10 11:35 1993 


Element 

Bindino Enerov 

atom % 

Na 

(18) 

1071.6 

7.42 

F 

(U) 

684.2 

0.58 

0 

(18) 

532.4 

49.91 

C 

(18) 

284.6 

22.17 

Cl 

(2p) 

198.6 

0.40 

SI 

<2p) 

102.8 

19.52 


Figure A-39 Survey ESCA spectrum for stainless steel bolt F9, 5a-2. 
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V , Mon Sop 13 06:2S:BS 0-Probo ESCB Console User ID: JESSE 

E104AJ)2»HI)S Frl Sop 10 1?:0S:18 1993 Oporntor: Joice Chorion 

LDEF - Stainless Stool Bolt 

# Spot: 400x1 080 p Resolution: 4 Energy: 

><’ Scons: 20 of 20 neutralizer: 0,leU Counts: 

' Region: 1/ 1 Aperture: None 






'thu Aug 12 07:42:58 M- Pro be ESCA Console User ID: JESSE 

E1B1C-1.HRS Hod Aug 11 00:23:27 1993 Oporotor: Jesse Cherien 

LDEF - Stainless Steel Bolt 

Spot: 400x1000V Resolution: 4 Energy: 

Scans: 20 of 20 Neutralizer: 0.1cV Counts: 

Region: / 1 Aperture: Hone 



Surface Composition Table Summary 


File name: E101C_1.MRS 

Region: 1 

Description: EDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Wed Aug 11 00:23 1993 


Na 

(18) 

1071,6 

10.80 

F 

(Is) 

684.2 

1.06 

O 

(Is) 

532 • 4 

47.37 

K 

(2pl) 

296.4 

0.76 

C 

(is) 

284.6 

21.90 

Si 

(2p) 

102.9 

18.10 


Figure A-42 Survey ESCA spectrum for stainless steel bolt E 1 0, lc- 1 . 
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, Thu *>9 12 00:04:08 N-Probe ESCA Console 

E101C_2.KRS Mod Aug 11 01:28:0? 1993 

LDEF - Stainless Steel Bolt 
Spot: 1 00x1000V Resolution: 4 

Seans: 20 of 20 Neutral leer: 0.1.V 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Chari an 

Energy: 

Counts: 


• n* 

H •• 

W 


_ ~ A ” " ~ 

• » K* M ~ w • 

f S £ r ? s? 


• * 


Vo O 


Surface Composition Table Summary 


File name: E101C_2.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Wed Aug 11 01:28 1993 


:■ 

Na (Is) 

1071.5 

9.51 


F (is) 

684.0 

1.02 

* 

o (Is) 

532.5 

47.05 

: 

K (2p3) 

293.6 

0.43 


C (Is) 

284.6 

23.10 


Cl <2p) 

198.3 

0.70 

t 

Si ( 2p) 

102.9 

18.19 


Figure A*43 Survey ESCA spectrum for stainless steel bolt E10, lc-2. 
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0 < 2 » ) 


Hon Sep U 8fi:80t42 M'Prohe F6C0 Console 

M18fMll.HJK Thu Sep 89 M:S?:Z6 1993 

CDEF QUinlflifi Stun I Bolt 

Spot: 480xl008p Resolution: 4 

Scons: 20 of 20 Heutrol Inert B.loU 

Region: 1/ 1 Aperture: Hone 


U*pr ID: JFSBF 
Operator: Jesse Cher inn 

Fnergg: 

Counts : 



File name: A118A_01.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 

Operator: Jesse Cherian 

Date: Thu Sep 9 14:57 1993 


Bleaent Binding Energy fltflBLi 


Na 

(is) 

1070.9 

5.61 

Ni 

(2p3) 

856.1 

1.01 

Fe 

(2p3) 

712.2 

1.35 

F 

(Is) 

684.3 

1.07 

Cr 

(2p) 

578.1 

0.92 

0 

(Is) 

531.9 

55.74 

Ca 

{ 2p) 

347.9 

0.40 

C 

(is) 

284.6 

13.30 

Si 

( 2p) 

1C2.5 

20.41 


Figure A-44 Survey ESCA spectrum for stainless steel bolt A 1 1 , 8a- 1 . 
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Mon Snj. II 06iH1;6;< K-PreJ* FKGT Ifrer ID; II*. ..r 

Rn0(|J2«NI)S Thu Gnp 00 16*34139 1903 Operator* Jasso (fhnrlan 

U)FT - OtAinlaiva Gtnai Unit. 

Gpoti iflHxlWHWy R*xnlul. inn* I fnnrfpj : 

Gcantn 6 of G Mftutrul Ir.eri H.loW tuunUr 

Reqlon: 1/ I Opnrturn; Hour? 


-ZG00H 



File name: A118A_02.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: Jesse Cherian 


Date: 

Thu Sep 9 15: 

34 1993 

Element 

Binding Energy 

atom % 

Na (Is) 

1070*6 

5.02 

Hi ( 2p3 ) 

856*9 

0.90 

Fe ( 2p3 ) 

~12.6 

2.81 

F (Is) 

685.1 

0*84 

C (Is) 

532*1 

51.66 

Ca (2p) 

307.1 

0.63 

’ (Is) 

284.6 

15.44 

S. (2p) 

102.6 

22*70 


Figure A-45 Survey ESCA spectrum for stainle r steel bolt All, 8a-2. 
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1 


Wed flag 11 09:20:25 H- Pro he ESCA Console 

B114C-1.N3S Twe Aug 10 15:46:04 1993 

LDEF - Stainless Steel Bolt 

Spot: 400x1 000jp Resolution: 4 

Scans: 20 of 2A Neutralizer; B.leM 

Region: 1/ 1 Aperture: None 


User ID; JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 



File name: B114CJL.MRS 

Region: 1 

Description: LDEF - Stainless Steel Bolt 


Operator: 

Date: 


Jesse Cherian 

Tue Aug 10 15:46 1993 


frlmrot Binding E nergy atom % 


Wit 

(1-5 
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Figure A-46 Survey ESCA spectrum for stainless steel bolt B 1 1 , 4c- 1 
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Figure A-47 Survey ESCA spectrum for stainless steel bolt B 1 1 , 4c-2 
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Figure A-48 Survey ESCA spectrum for stainless steel bolt D 1 1 , 3b- 1 . 
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Figure A-49 Survey ESCA spectrum for stainless steel bolt D1 1 f 3b-2. 
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Figure A-50 Survey ESCA spectrum for stainless steel bolt A 1 2, 8c- 1 
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Figure A-5 1 Survey ESCA spectrum for stainless steel bolt A 1 2, 8c-2. 
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Figure A-52 Survey ESCA spectrum for stainless steel bolt G6, 1 2b- 1 
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Figure A-53 Survey ESCA spectrum for stainless steel bolt G6, 12b-2. 
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Figure A-54 Survey ESCA spectrum for stainless steel bolt H6, 5c- 1 
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Figure A-55 Survey ESCA spectrum for stainless steel bolt H6, 5c-2. 
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Figure A-56 Survey ESCA spectrum for washer from stainless steel bolt H6. 
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Figure A-57 Survey HSCA spectrum for bottom tip of ground control 
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Figure A-58 Survey ESCA spectrum for bottom tip of stainless steel bolt C3, 8a. 
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Figure A-59 Survey ESCA spectrum for bottom tip of stainless steel bolt D2, 4c. 
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Figure A-60 Survey ESCA spectrum for bottom tip of stainless 
steel bolt E4, 7c. 
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Figure B-9 Auger spectrum for second area from front surface of 
tray clamp C9-2. 
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Figure B-15 Auger spectrum for fourth area from front surface of 
tray clamp C3-5. 
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Figure B- 1 8 Auger spectrum for back surface of tray clamp C3-5. 
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Figure C-9 Auger spectra from area of bolt head of bolt D2, 4c- 1 . 
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Figure C-l 1 Auger spectra from area of bolt head of bolt D5, 8c-l. 
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location a-lO.mm. 

T lgure D-19 Survey ESCA spectrum for tray D1 1 copper strap at 
location a+10.mm. 

Figure D -20 Survey ESCA spectrum for tray Dll copper strap at 

location a+22.mm. 

Rgure D-21 Survey ESCA spectrum for tray D1 1 copper strap at 
location b. 

Figure D-22 Survey ESCA spectrum for tray D1 1 copper strap at 
location b+2.mm. 
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D-24 
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D-26 
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Figure Number Title of Figure Page 

Figure D -23 Survey ESCA spectrum for tray Dll copper strap at 

location b+ 4 .mm. D *28 

Figure D -24 Survey ESCA spectrum for tray D1 1 copper strap at 

location b+6.mm. jj.29 

Figure D -25 Survey ESCA spectrum for tray D1 1 copper strap at 

location b+8.mm. D3 q 

Figure D -26 Survey ESCA spectrum for tray D1 1 copper strap at 
location b+lO.mm. 

Figure D -27 Survey ESCA spectrum for tray D1 1 copper strap at 
location b+12.mm. 

Figure D -28 Survey ESCA spectrum for tray D 1 1 copper strap at 
location b+ 13 .mm. 

Figure D -29 Survey ESCA spectrum for tray D1 1 copper strap at 

location c+ 5 .mm. D -34 

Hgure D -30 Survey ESCA spectrum for tray D1 1 copper strap at 
location c+10.mm. 

Figure D -3 1 Survey ESCA spectrum for tray Dll copper strap at 

location d. D _ 36 

Hgure D -32 Survey ESCA spectrum for tray D1 1 copper strap at 
location d+2.mm. 

Figure D-33 Survey ESCA spectrum for tray D1 1 copper strap at 
location d+ 4 .mm. 

D 4 


Figure Number Title of Figure Page 

Figure D -34 Survey ESCA spectrum for tray D 1 1 copper strap at 

location d+6.mm. D.39 

Figure D -35 Survey ESCA spectrum for tray D1 1 copper strap at 

location d+8.mm. D _40 

Figure D -36 Survey ESCA spectrum for trey D1 1 copper strap at 

location d+lO.mm. D_41 

Figure D -37 Survey ESCA spectrum for tray D 1 1 copper strap at 

location d+12.mm. D_42 

Figure D -38 Survey ESCA spectrum for tray D1 1 copper strap at 

location d+ 14 .mm. D_43 

Figure D -39 Survey ESCA spectrum for tray D1 1 copper strap at 

location d+ 16 .mm. I>44 

Figure D -40 Survey ESCA spectrum for tray D1 1 copper strap at 

location e+ 5 .mm. j>45 

Figure D -41 Survey ESCA spectrum for tray D1 1 copper strap at 

location e+ 15 .mm. D_46 

Figure D -42 Survey ESCA spectrum for tray D1 1 copper strap at 

location e+ 25 .mm. D_47 
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Mon Mag 18 88:56:16 
CUSTRP82.MKS Mon Mi 

LDEF - ORIGINAL CU STRIP 
Spot: 480x1808*1 

Scans: 28 of 28 

Rag ion: 1/ 1 


M- Probe ESCA Console 
18 88:S8:S? 1992 

Resolution: 3 
Neutralizer: 0.8eV 
Aperture: None 


User 10: MELISSA 
Operator: M 0 JOHNSON 

Energg: 

Counts: 



File name: CUSTRP02.MRS 

Region: 1 

Description: LDEF - ORIGINAL CU STRIP 

Operator: M D JOHNSON 

Date: Mon May 18 08:50:57 1992 


Element 

Binding Enercrv 

atom % 

Cu 

(2p3) 

934.31 

1.39 % 

0 

(Is) 

532.17 

19.65 % 

c 

(Is) 

285.00 

67.08 % 

Cl 

(2p) 

198.91 

0.76 % 

Si 

(26) 

152.75 

11.12 % 



Total Percent 

100.00 % 


Figure D- 1 Survey ESCA spectrum for copper ground control specimen. 
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Med Jul 14 13:81:24 M-Probe ESCA Console 

A18JB1.MRS Hed Jun 23 16:13: S8 1993 / * . <i\ 


H'-'j 


LDEF - Copper Strip ftl0:B*rJcest Region* Cut 1 
Spot: 400x1000*1 Resolution: 4 

Scene: 20 of 28 HeutrelUer: 0.1eM 

Region: 1/ 1 ftpertnre: Hone 


User IB: JESSE 
Operator: Jesse Cher inn 

Energy: 

Counts: 



File names A10_01.MRS 

Descriptions LDEF - Copper strip A10 {Darkest Region, Cut 

Operator: Jesse Cherian 

Date: Wed Jun 23 16:13 1993 

si — n» Binding Energy Atflffi-4 


Cu 

( 2p3) 

934*8 

16.82 

F 

(Is) 

689*8 

0*68 

0 

(Is) 

531.2 

48.98 

c 

(Is) 

284.6 

23.81 

Si 

(2p) 

101.6 

9.70 


Figure D-2 Survey ESCA spectrum for tray A 1 0 copper strap, 0.5" 

from shielded area. 
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"2 f“* “ 18:45:94 H- Pro be ESCA Console 

(^ 9 r S? *I® S Thu Jul 01 10:13:45 1993 

UBF Copper Strip. 0.5?' fron edge 
ff° t: |M0*1000p Resolution: 4 

Scans: 25 of 25 Neutraliser: S.leU 

Region: 1 / i Aperture: 


User 10: JESSE 
Operator: Jesse Cherian 

Energy: 

Counts: 



Surface Composition Table Summary 


File name: A10_57.MRS 

Region: 1 



Date: Thu Jul 1 10:13 1993 


Bl — t a t Binding Bnerov n»pg % 


Cu (2p3) 
O (Is) 

C (Is) 
Si (2p) 


934.6 21.41 

531.0 49.07 

284.6 22.65 

101.6 6.87 


Figure D-3 Survey ESCA spectrum for tray A 1 0 copper Strap, 0.57" 
from shielded area. 
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tO(2e) 



Med Jul 0? 8?: 50: 52 H- Probe ESCA Console 

A10-120.MRS Tim Jul 01 14:46:14 1993 

LDEF - Copper Strip* 1.20** fro* edge 
Spot: 400xl000j» Resolution: 4 

Scans: 25 of 25 Neutraliser: 0.1eU 

Region: 1/ 1 Aperture: None 


User ID: JESSE 
Operator: Jesse Cher i an 

Energy: 

Counts: 


fa " 

!«• ~ 
l< * 

w 01 
•? * 



~ ft ^ 

a 

I w 0) 

2 o 



Cu 

(2p3) 

936,1 

0.91 

F 

(Is) 

689.0 

0.45 

0 

(Is) 

532.5 

33.12 

C 

(Is) 

284.6 

42.63 

Si 

(2p) 

102.3 

22.89 


Figure D-4 Survey ESCA spectrum for tray A 1 0 copper Strap, 1 .20 
from shielded area. 



Thu Jun 24 12s 32:08 H- Probe ESCA Consol* 

fa.8J04.HRS Thu Jun 24 12:28:27 1993. 

IBEP - Copper Strip M0; Bronco Aron 4 (/.V') 

Spots 400«1000p Resolution: 4 

Seans: 28 of 20 Neutral i ser: 0.1eW 

teplon: 1/ 1 Aperture: None 


User IBs JESSE 
Operators Josse Charles 

Energy: 

Counts: 



File nans: A10_04.MRS 

Region: 1 

Description: LDEF - Copper Strip A10: Bronze Area 4 

Operator: Jesse Cherian 

Date: Thu Jun 24 12:28 1993 


Kltatat Binding Bnerav AfcQa a 


cu 

(2p3) 

935.0 

4.13 

0 

(le) 

53X.8 

36.31 

c 

(Is) 

284.6 

40.16 

s 

(2p> 

169.0 

1.55 

SI 

(2p) 

101.5 

17.84 


Figure D-5 


Survey ESCA spectrum for tray A 10 copper Strap, 1.40" 
from shielded area. 



Non Jut 12 12:23:14 H- Pro be ESCA Console User IDs JESSE 

ma.2Sa.KDS Hod Jttl a? 13:43:49 1993 Operator: Jesse Cher tan 

UIEF - Copper Strip A10. 2. SO** fron edge 

Spot: 400x1000*1 Desolution: 4 Energy: 

Seans: 2S of 2S Neutral iter: 8.1eU Counts: 

Region: 1/ 1 Aperture: None 



Surface Composition Table Summary 


File name: A10_250.MRS 

Region: 1 

Description: LDEF - Copper Strip A10, 2.50" from edge 

Operator: Jesse Cherian 

Date: Wed Jul 7 13:43 1993 


0 

(18) 

532*1 

37.83 

N 

(1®) 

399.8 

0*55 

C 

a®) 

284*6 

19*39 

Si 

<2p) 

102*4 

10*46 

CU 

(2p3) 

934*2 

31.77 


Figure D-6 Survey ESCA spectrum for tray A10 copper Strap, 2.50" 
from shielded area. 
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** *2 12:18:39 H-Probe ESCfl Cen.ole 

f^S^ 2?S ; H * S Thu J«1 88 17:14:06 1993 

LBEF - Copper Strip MB, 2.75* fron edge 
!?° t: 400«lB80p Resolution: 4 

Seens: 2S of 2S Neutralizer: S.leV 

ftegiont 1/ i Aperture: None 


Usor ID: JESSE 
Ope r a tor; Jos sc Chorion 

Energy; 

Counts: 



Surface Composition Table S ummar y 


File name: A10_275.MRS 

Region: 1 

Description: LDEF - Copper Strip A10, 2.75* 

Operator: Jesse Cherian 

Date: Thu Jul 8 12:14 1993 


from edge 


Eluant 


atom 

0 (Is) 

530el 

27.17 

N (Is) 

399 el 

0.89 

C (Is) 

284e6 

22.72 

Cl ( 2p) 

199 eO 

1.01 

S (2p) 

168 e 4 

0.62 

Si ( 2p) 

1 0 1 e 9 

4.20 

Cu ( 2p3 ) 

933.6 

43.40 


Figure D-7 Survey ESCA spectrum for tray A10 copper Strap, 2,75" 
from shielded area. 
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*•» »» “>82:01 H-Probe ESCA Console 

WL^M.WB Tue Jul 13 08:29:0? 1993 

UffiF - Copper Strip A10, 4.00' fro,, e( |- 0 
fP° t! 400*1000p Resolution: A 

Scons: 2S of 2S Neutraliser: O.leV 

Hogion: 1/ 1 Aperture; None 


User 10: JESSE 
Oporotor: Jesse Chorion 

Counts : 



Surface Composition Table Summary 


File names A10_400»MRS 

Region: 1 

Description: DDEF - Copper Strip A10, 4.00* 

Operator: Jesse Cherian 

Date: Tue Jul 13 08:29 1993 


from edge 


ElfflB'Bt 

-Binding Snurov 

atom 

F 

(18) 

688.3 

0.54 

O 

(Is) 

532.0 

31.14 

N 

(Is) 

399.3 

1.02 

C 

(Is) 

284.6 

34.22 

Cl 

<2p) 

198.9 

1.55 

s 

cap) 

168.8 

3.07 

Si 

(2p) 

102.1 

8.51 

cu 

(2p3) 

933.5 

19.95 


Figure D-8 Survey ESCA spectrum for tray A 10 copper strap, 4.00” 
from shielded area. 
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‘ Tue Jul 13 15:50:28 H- Probe ESCA Console 

' M0JBM.NRS Too Jul 13 15:33:10 1993 

LDEF * Copper Strip A10, 5.00** fron edge 
Spot: 400x1 000 p Resolution: 4 

Scons: 25 of 2S Neutraliser: 0.1eM 

Region: 1/ 1 Aperture: Hone 


User ID: JESSE 
Operator: Jesse Cher I an 

Energy: 

Counts: 



File naiae: A10_500.MRS 

Region: 1 

Description: LDEF - Copper Strip A10, 5.00" from edge 

Operator: Jesse Cherian 

Date: Tue Jul 13 15:33 1993 


Element 

Bindino Enerov 

atom 

cu 

(2p3) 

933.1 

2.46 

F 

( Is ) 

688.9 

0.43 

0 

(18) 

532.7 

48.45 

N 

(18) 

400.6 

0.83 

C 

(Is) 

284.6 

21.67 

S 

(2p) 

169.6 

5.00 

Si 

(2p) 

103.1 

21.16 


Figure D-9 Survey ESCA spectrum for tray A10 copper strap, 5.00" 
from shielded area. 
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Surface Composition Table Summary 


Pile name: A02_04.MRS 

Region: 1 

Description: A02 - LDEF - COPPER STRAP - CLAMP AREA) 4 ) 
b-3 . 5 nan 

Operator; 

Date: Mon Apr 26 11:41 1993 


Cu 

(2p3) 

933.6 

6.43 

F 

(Is) 

688.5 

2.26 

0 

(is) 

531.9 

30.30 

Na 

(Auger) 

496.5 

0.96 

N 

(is) 

399.6 

0.99 

C 

(Is) 

28* .6 

44.02 

Cl 

(2p) 

198.7 

1*52 

S 

<2P) 

168.4 

0.7b 

Si 

(2p) 

102.1 

12.76 


Figure D- 1 1 Survey E.SCA spectrum for tray A2 copper strap at 
location b-3.5mm. 






Thu Apr 29 87:38)12 H- Pro bo ESCA Console 

A82-JK«H88 Hon Apr 26 13:24:54 1993 

A82 - LDEF - COPPER STRAP - <S) - c~6*n 
Spot: 400x1000ji Resolution: 4 

Seans: 28 of 28 Neutralizer: 0.0© V 

Region: 1/ 1 Aperture: None 


User ID: LDEF 
Operator: 

Energy: 

Counts: 


w < 

9 X 

U * 

V 


Surface Composition Table Summary 


File name: A02 05. MRS 

Region: 1 

Description; A02 - LDEF - COPPER STRAP 

Operator: 

Date: Mon Apr 26 13:24 1993 


Na 

(18) 

1071.2 

10.56 

Cu 

(2p3) 

933.4 

5.52 

F 

(18) 

688.8 

1.32 

0 

(Is) 

532.4 

23.91 

N 

(l-) 

399.9 

0.59 

C 

(18) 

284.6 

46.46 

Cl 

(2p) 

199.2 

1.22 

s 

( 2p) 

168.9 

0.74 

Si 

( 2p) 

102.1 

9.68 


Figure D-12 Survey ESCA spectrum for tray A2 copper strap 
location c-6.inm. 









Thu Apr 29 *?:39:21 M- Probe ESCfl Console 

M2—I6-MXS Hen Apr 26 Mi 38s 18 1993 

AA2 - LBEF - COPPER STRAP - (6) - c-ltm 
Spot: 488x1080)1 Resolution: 4 

Sesns: 28 of 28 Neutraliser: 0.8eU 

Refien: 1/ 1 Aperture: 


User ID: LDEP 
Operator: 

Entrgtft 

Counts: 



File names A02 06 .MRS 

Regions 1 

Descriptions A02 - LDEF - COPPER STRAP - (6) - c-lmm 
Operators 

Dates Mon Apr 26 14:38 1993 


Element 


a toe % 

Cu (2p3) 

933.6 

4*23 

F (Is) 

688 • 3 

1.20 

0 (is) 

531e9 

24.79 

N (18) 

399*5 

1.08 

C (Is) 

284 * 6 

53.76 

Cl (2p) 

198.9 

1.14 

S (2p) 

168.5 

0.80 

3i (2p) 

101.6 

13.00 


Figure D-13 Survey ESCA spectrum for tray A2 copper strap at 
location c-l.mm. 
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Thu Apr 29 07:43:11 


H- Probe ESC* Console 
A02_00.HRS Tue Apr 27 09:11:84 1993 

A02 - LD6F - COPPER STRAP - TRAP AREA (0) - d-13tm 
Spot: 400x1 000p Resolution: 4 

Seen#: 20 of 20 Neutraliser: 0.0sM 

Region: 1/ 1 Aperture: None 


User 10: LDEF 
Operator: 

Energy: 

Counts: 



File name: A02 08* MBS 

Regent 1 

Description: A02 - LDEF - 

COPPER STRAP - TRAY AREA (8) - 

* 

Operator: 

Date: 

d-13na 

Tue Apr 27 09:11 1993 


Kl— nt 


% 


Cu (2p3) 

933.4 

1.12 

i 

f (is) 

689.0 

0.58 


o (Is) 

532.4 

30.59 

;i 

C (la) 

284.6 

46.44 

\ • 
i 

31 (2p) 

102.1 

21.27 


Figure D-14 Survey ESCA spectrum for tray A2 copper strap at 
location d-13mm. 
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1 


*">«> 24 M- Pro bo ESC* Coneole 

27 W:14 ?28 1993 

gL “S^SE® ^ - '™ *»» <« - d l2m, 

S?*l. 2r h 'i 80 ?£ Re.olution: 4 

£*?*' 28 °f. 28 Heutrelieer: S.feU 

*** lont U 1 Aperture: None 


U#er ID: LOEF 
Operator: 

Energy: 

Count#: 



Surface Composition Table Summary 








Region: 1 

Description: JM^UW - COPPER STRAP - TRAY AREA ( ' 
Operator: 

Date: Tue Apr 27 08:14 1993 


Blmnli B i nding Energy «»nj ^ 


Cu (2p3) 
O (Is) 

C (Is) 
Si (2p) 


933.3 

532.7 

284.6 

102.1 


0.47 

26.33 

52.19 

21.01 


Figure D- 1 5 Survey ESCA spectrum for tray A2 copper strap at 
location d-12mm. 
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Thu Apr 29 07:44:0? M- Probe ESCA Console 

A02 — 09* HAS Hod Apr 28 10:37:37 1993 

A02 * LDEF - COPPER STRAP - TRAY AREA (9) * d-Sne 
Spot: 400x1 000p Resolution: 4 

Seans: 20 of 20 Neutral isor: 0.0eM 

Region: 1/ 1 Aperture: None 


User ID: LDEF 
Operator: 

Energy: 

Counts: 



Surface Composition Table Summary 


File name: AO 2 09. MRS 

Region: 1 

Description: A02 - LDEF - COPPER STRAP - TRAY AREA (9) 
d-5mm 

Operator: 

Date: Wed Apr 28 10:37 1993 


81«M* Binding Bn.rg v atom » 

0 (Is) 532.7 25.66 
C (Is) 284.6 52.32 
Si (2p) 102.1 22.02 


Figure D- 1 6 Survey ESCA spectrum for tray A2 copper strap at 
location d-5.mm. 
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Silver 

Teflon 


Bcposed 

Copper 


Aluminum clamp 


lUhexposed 


22!£££!lE!! ive ’!? distance from unexposed area. 

a r* 8 * 8 ] 1 ?? 8 ^ etwwn J® t *cr markers are as follows; 

a~>o 25mm, b~>c 13mm, c->d 25mm, d->e 16mm. 


Figure D-17. Diagram of measurement locations 


on copper strap from tray D1 1. 





Thu Apr 30 18:03:34 
D1U9S.HRS Frl Apr 

Dll COPPED STRIP (A-lfewO 
Spot: 488xl000p 

Scons: 28 of 28 

Region: 1/ 8 


M~ Probe ESCA Consols 
10 16: 4?: 14 1992 

Resolution: 4 
Heutro liter: 3.8eU 
Aperture : None 


User ID: MELISSA 
Ope re tor: MDJ 

Energy: 

Counts: 



File name: D11_05*MRS 

Region: 1 

Description: Dll COFFER STRIP (a-lOomt) 

Operator : MDJ 

Date: Fri Apr 10 16:47:14 1992 


gimut aimuaa Herat «ton % 


Cu (2p3) 933.60 6.79 % 
O (Is) 532.37 16.16 % 
Na (Auger) 496.64 1.74 % 
C (la) 285.00 63.03 « 
81 (2p) 102.33 12.28 % 


Total Percent 100.00 % 


Figure D-18 Survey ESCA spectrum for tray D1 1 copper strap at 
location a-lO.mm. 
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Thu Apr 30 14:31:48 
81101* HAS Hun 

a*10»m 

Spot: 400x1 800p 

Scans: 20 uf 20 

Region: 1/ 8 


H Probe ESCA Console 
2? 21:26:69 1992 

Resolution: 4 
Neutral ixer: 3.8eU 
Aperture: None 


User 18: MELISSA 
Operator: M D JOHNSON 

Energy: 

Counts: 



Pile name: D1101.MRS 

Region: 1 

Description: a+lQmm 

Operator: M D JOHNSON 

Date: Mon Apr 27 21:26:59 1992 


Eiaaant 

Bindino Bnerov 

atom ft 

0 

(Is) 

531*48 

36.73 % 

N 

(IB) 

399.79 

1.65 % 

C 

(la) 

285.00 

31.26 % 

Si 

<2p) 

102.29 

3.61 % 


(2pl) 

954.28 

26.76 % 



Total Percent 

100.00 % 


Figure D- 19 Survey ESCA spectrum for tray D 1 1 copper strap at 
location a+lO.mm. 
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Thu Apr 30 14; 39? 45 
Dll 02. HRS Tue 

*♦ 22 tm 

Spot; 400x1 000p 

Scons; 20 of 20 
R«0tof)i 1/ 8 


H- Probe ESCA Console 
28 00; 43; 51 1992 

Resolution; 4 
Neutralizer: 3.0eU 
Aperture: None 


User ID; KELISSA 
Operator : H D JOHNSON 

Energy: 

Counts: 



File name: D1102.MRS 

Region: 1 

Description: a+22mm 



Operator: 

M D JOHNSON 



Date: 

Tue Apr 28 00 

:43s51 1992 

T- 

■la— H- 

Binding Bnargy 

atom * 

- * 

o (Is) 

531*37 

35.40 % 

V 

» (Is) 

400.42 

1.02 % 


C (is) 

285.00 

36.25 % 


Cl (2p) 

198.99 

0.93 % 

* 

F 

SI (2p) 

102.43 

8.76 % 

’• 

Cu (2p3) 

935.13 

17.64 % 

f 


Total Percent 

100.00 % 


* 

* 

; Figure D-20 Survey ESCA spectrum for tray D1 1 copper strap at 

location a+22.mm. 


o * * • v, - ur 

\ .. . .y ' * ^ J 


* t. ** . 

t 


, < U o ,J 


D-25 


| Thu Apr 38 IS: IS: SS N- Prato ESCA Consol* 

01163. MRS Tu« Apr 28 84:88:41 1992 

b 

Spoti 48Bi18B8p btoluttm: 4 

So«nct 28 of 28 N*utr*lie*r: 3.8*9 

R*glon: 1/ 8 Aportur* : Non* 


U**r ID: MELISSA 
Op* r* tor: M 0 JOHNSON 

Enorgg: 

Count*: 



Pile name: 

D1103.MRS 

Region: 

1 

Description: 

b 

Operator: 

M D JOHNSON 

Date: 

Tue Apr 28 04:00:41 1992 


Element 


atom 1 

0 

(Is) 

531*52 

29*93 % 

N 

(Is) 

399*51 

1*19 % 

C 

(Is) 

205.00 

46*40 % 

Cl 

(2p) 

199*15 

1.11 % 

Si 

(2p) 

102*40 

6.05 % 

Cu 

(2p3) 

935*13 

13*31 % 



Total Percent 

100*00 % 


Figure D-21 Survey ESCA spectrum for tray Dll copper strap at 
location b. 
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' Thu Apr 38 18:2*8? 

* BUM. HAS Tu« 

b+2 *m 

Spot: 408xlO8Bjl 

Scans: 28 of 28 

Region: 1/ 8 


* Proto E5CA Consols 
28 8 ?: 17:30 1992 

Resolution: 4 
Neutraliser: 3.8eM 
Aperture t None 


User ZD: MELISSA 
Operator: M D JOHNSON 

Energy: 

Counts : 



File name: 01104 .MRS 

Region: 1 

Description: b+2nmj 

Operator: M 0 JOHNSON 

Date: Tue Apr 28 07:17:30 1992 


tleoent 

Bindino Bnerav 

Atoe % 

0 

(Is) 

531.23 

36.71 % 

N 

(la) 

399.66 

1.33 % 

C 

(IB) 

265.00 

35.66 % 

Cl 

(2p) 

199.18 

1.15 % 

si 

(28) 

152.69 

4.62 % 

Cu 

(2p3) 

935.09 

20.53 % 



Total Percent 

100.00 % 


Figure D-22 Survey BSCA spectrum for tray D 1 1 copper strap at 
location b+2.mm. 
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2JT ” 1Gl24t3? MProb. ESCfl Con id la 

niJM.MIS Thu Apr 38 101 RS I 36 1992 


Resolution: 
Neutral laser: 
Aperture i 


Spat i 4H8nlMflp 

Soane t 20 ot 28 
Region: 1/ 3 


Unar 10: MELISSA 
Operator: N 0 JOHN SOM 

Energy; 

Counts: 



1182.19 


662.19 


442.19 


222.19 


Surface Composition Table Suneary 


Pile name: D11_001.MRS 

Region: 1 

Description: b+4nm 


Operator: 

Date: 


M D JOHNSON 

Thu Apr 30 10:05:36 1992 


0 (Is) 
C (Is) 
Cu (3p) 
Cu (2p3) 


530.66 

284.90 

76.13 

934.63 


25.60 % 
7.92 % 
3.12 « 
63.35 % 


Total Percent 100.00 % 


Figure D-23 Survey ESCA spectrum for tray Dll copper strap at 


location b+4.tnm. 
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TIM Apr 38 1Q;4 ?i41 
DUJM2.HRS 

In dnn 

Spoil 4m * imp 

Scans i 28 of 7M 
Rag tom 1/ 3 


MProbe EGGS Console 
Thu Apr 38 It *2?*28 1992 

Resolution t 4 
Neutral l^er* 3.0eU 
Aperture* None 


User ID; WEIIGSA 
Operator* N 0 JOHNSON 

Energy * 

Counts* 



File name; 011.002 *MRS 
Region: 1 

Description: b+6mm 


Operator: 

Date: 


M D JOHNSON 

Thu Apr 30 11:27:28 1992 


Element _ 
O (18) 
e (is) 
si (28) 
cu (3p) 
Cu (2p3) 


JlT " l 53 1 .45* rOT 

285.00 10.49 % 

152.83 3.22 % 

77.35 3.99 % 

935.09 53.33 % 


Total Percent 100.00 % 


Figure D-24 Survey ESCA spectrum for tray D1 1 copper strap at 
location b+6.mm. 
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Thu Apr 38 IS: SI: 27 
UL1JB83.MIS Thu 

btflrm 

Spot i 488x100011 
Scads: 28 of 28 

Region: 1/ 3 


M- Probe ESCA Console 
38 12:46:82 1992 

Resolution: 4 
Neutraliser: 3*0eU 
Aperture: None 


User 10: MELISSA 
Operator: M 0 JOHNSON 

Energy: 

Counts: 



File name: D11_003*MRS 

Regions 3 

Descriptions b+8mm 

Operators M D JOHHSON 

Dates Thu Apr 30 12s 46s 52 1992 


81— nt Binding Butov atom % 

O (18) 531.76 39.33 % 
C (Is) 285.00 13.22 % 
Cu (2p3) 935.12 17.45 % 


Total Percent 100 .wG % 


Figure D-25 Survey ESCA spectrum for tray D1 1 copper strap at 
location b+8.mm. 
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, Thu Apr 30 IS; 56; 41 
•11-384, HRS Thu 

b*10 n» 

Spot: 4O0xl0OOp 

Scans : 20 of 28 

Region: 1/ 3 


H- Probe ESCA Console 
38 14:86:16 1992 

Resolution: 4 
Neutraliser: 3.8eU 
Aperture: None 


User ID; HELISSA 
Operator: N D JOHNSON 

Energy: 

Counts: 



Surfaoo Composition Tablo Summary 


Pile name: D11_004.MRS 

Region: 1 

Description: b+lOmm 



Operator: 

M D JOHNSON 


y 

Date: 

Thu Apr 30 14 

s 06s 16 1992 


llant 


atom % 

v r 

Cu (2p3) 

934s 90 

35.32 % 

L 

0 (IB) 

532*05 

42.01 % 

‘ ^ 

C (Is) 

285.00 

17.60 % 


31 (2p) 

102.36 

5.07 % 

i 


Total Percent 

100.00 % 


Figure D-26 Survey ESCA spectrum for tray Dll copper strap at 
location b+lO.mm. 





i 
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Thu Apr 38 1C: 84: 11 
D11J005.MRS Thu 

b*12n» 

Spot: 488x188811 

Scans: 20 of 20 

Region: 1/ 3 


M- Probe ESCA Console 
38 10:32:06 1992 

Resolution: 4 
Neutraliser: 3.0eU 
Aperture: None 


Us or ID: MELISSA 
Operator: M D JOHNSON 

Energy: 

Counts: 



Surface Composition Table Summary 


File name: D11_005*MRS 

Region: 1 

Description: b+12nan 

Operator: M D JOHNSON 

Date: Thu Apr 30 15:32:06 1992 


Element 

o (Is) 

C (is) 
Si (2s) 
Cu (2p3) 


Binding Energy UfflJ 

531.77 41.95 % 

285. .'0 18.59 % 

153.86 6.91 % 

935.16 32.55 % 

Total Percent 100.00 % 


Figure D*27 Survey ESCA spectrum for tray Dll copper strap at 
location b+12.mm. 



Frl May 01 09:33:38 
D11JB06.MRS Thu Apr 

b*13n* 

Spot: 400x1 000R 

Scons: 20 of 20 

Region: 1/ 3 


H- Probe ESCA Console 
30 16:5S:20 1992 

Resolution: 4 
Neutralizer: 3* 8eU 
Aperture: None 


User TO: MELISSA 
Operator: H 0 JOHNSON 

Energy: 

Counts: 



File nano: D11.J)06*MRS 

Region: 1 

Description: b+13nan 

Operator: M D JOHNSON 

Date: Thu Apr 30 16:55:20 1992 


«1— nt HadUtt HKC atom % 

0 (le) 531.64 43.77 % 
C ( Is) 265.00 20.56 % 
Si (2s) 153.57 7.82 % 
Cu (2p3) 935.12 27.85 % 


Total Percent 100.00 % 


Figure D-28 Survey ESCA spectrum for tray D 1 1 copper strap at 
location b+13.mm. 
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Fri (toy 81 89:38:23 
811-88?. MRS Thu 

c*Sm* 

Spott 400xl000JI 
Scans: 20 of 20 

Boston: 1/ 3 


M- Probe ESCA Console 
30 18:14:4S 1992 

Neeolutton: 4 
Neutralizer: 3.0eU 
Spar turn : Bono 


User ID: MELISSA 
Operator: M 0 JOHNSON 

Energy: 

Counts: 



File name: D11_007*MRS 

Region: 1 

Description: c+5mm 

Operator: M D JOHNSON 

Date: Thu Apr 30 18:14:45 1992 


nt Binding gneruv atom » 

O (is) 531.96 40.83 % 
C (IS) 284.99 19.03 % 
Si (2s) 153.31 5.21 % 
CU (2p3) 935.07 34.93 % 


Total Percent 100.00 % 


Figure D-29 Survey ESCA spectrum for tray D 1 1 copper strap at 
location c+5.mm. 


D-34 


Fri May W 09:41:26 
D11J886.HRS Thu 

c«40*h 

Spot: 488x1 880p 

Sums: 28 of 28 

Rtgion: 1/ 3 


M- Probe ESCA Console 
30 19:34:11 1992 

Resolution: 4 
Neutralizer: 3.8e0 
Aperture: None 


User 10: HEUSSA 
Operator: N 0 JOHNSON 

Energy: 

Counts: 



File name: D11_008*MRS 

Region: 1 

Description: c+lOmm 

Operator: M D JOHNSON 

Date: Thu Apr 30 19:34:11 1992 


Hasan* Binding Bnargy atoa % 

o (Is) 532.36 45.95 % 
C (Is) 284.99 28.79 % 
Si (2s) 153.36 9.40 % 
Cu (2p3) 935.19 15.87 % 


Total Parcent 100.00 % 


Figure D-30 Survey ESCA spectrum for tray D 1 1 copper strap at 
location c+lO.mm. 
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fed Kay 28 08:05:18 
D-11J01.KRS Tu© 

d 

Spots 408x100011 
Scans: 20 of 20 

Regions 1/ S 


M- Probe ESCA Console 
19 18:41:S9 1992 

Resolution: 4 
Neutralizer: 3*0eO 
Aperture: None 


User 10: KELISSA 
Operator: K 0 JOHNSON 

Energy: 

Counts: 



Pile name: D_11_01.MRS 

Region: 1 

Description: d 

Operator: M D JOHNSON 

Date: Tue May 19 18:41:59 1992 


Nil F™* aindlnff gnarqy 

Cu (2p3) 935*03 

O (is) 533*14 

C (Is) 284*99 

Si (28) 153.75 

F (is) 691.30 




0.47 

26.04 

47.85 

25.30 

0.35 


Total Percent 100.00 % 


Figure D-3 1 Survey ESCA spectrum for tray D 1 1 copper strap at 
location d. 
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Ned (ten 28 88:11:25 
BUI-82. MRS 
4*2ne 

Spot: 488x1880V 

Seat: 28 of 28 

Region: 1/ s 


M- Pro bo ESCA Console 
Too May 19 21:28:31 1992 

Resolution: 4 
Neutralizer: 3.0eV 
Aperture: Hone 


User 18: MELISSA 
Operator: M D JOHNSON 

Energy: 

Counts: 



Surfaco Composition Table Sunary 


Pile nan?: d U_02.mrs 

Region: 1 

Description: d+ 2 mm 

Operator: M D JOHNSON 

Date: Tue May 19 21:20:31 1992 


— mum mi 

Cu (2p3) 935.08 

(Is) 

Us) 

( 18 ) 


P 

O 

c 

Si 


( 28 ) 


691.00 
532.61 

285.00 
153.25 


0.53 

0.56 

25.81 

48.00 

25.10 


Total Percent 100.00 % 


Figure D-32 Survey ESCA spectrum for tray Dll copper strap at 
location d+2.mm. 
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fed May 28 86:16:84 M- Pro bo ESCft Coniolo Ueer ID: MKLXSSA 

9JUJB3.MRS Tue fey 19 23:S9:82 1992 Operator: N D JOHNSON 

d*4n* 


Spot: 488xl888p 

Scene: 20 of 28 

fey ion: 1/ S 


Revolution: 4 Eneiyy: 
Neutral leer: 3.8eM Count#: 
Aperture : None 



File name: D_11_03.MRS 

Region: 1 

Description: d+4mro 

Operator: M D JOHNSON 

Date: Tue May 19 23:59:02 1992 


Element 


atom % 

Cu 

C 2p3 ) 

935*24 

1*45 % 

F 

(Is) 

691.03 

0*62 % 

0 

(!•) 

532*56 

26*87 % 

C 

(Is) 

285.00 

46*09 % 

Si 

(28) 

153.23 

24*98 % 



Total Percent 

100*00 % 


Figure D-33 Survey ESGA spectrum for tray Dll copper strap at 
location d+4.mm. 
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'(fed Mag 20 0812113? 
0-11JM.MRS fed 

dfen 

Spot: 400x1000V 

Scoot: 20 of 20 

Region: 1/ S 


N- Pro bo ESCA Contolo 
20 02:37:32 1992 

Resolution: 4 
Neutraliser: 3.0eV 
Aperture: None 


User IS? MEUSSA 
Operator: A D JOHNSON 

Energg: 

Counts: 



File namet D_11_04*MRS 

Region: 1 

Description} d+6mm 

Operator} M D JOHNSON 

Date} Wed May 20 02}37}32 1992 


Binding Bnarcrv atom % 

Cu (2p3) 935.13 3.05 * 
O (is) 532.43 31.26 % 
C (Is) 285.00 42.06 % 
81 (2s) 153.22 22.02 % 


Total Percent 100*00 % 


Figure D-34 Survey ESCA spectrum for tray D1 1 copper strap at 
location d+6.mm. 


D-39 


Hed Hay 20 08s26:S? 
D_11_0S.NRS Had 

Spots 480x10000 
Scant: 20 of 20 
Itegion: 1/ S 


H** Fro bo ESI* Con to U 
20 0S:16:03 1992 

Resolution: 4 
Neutraliser: 3,SeU 
Aperture: Mono 


Uxor ZD: MELISSA 
Operator: M t JOHNSON 

Energy; 

Counts: 



File name: DJL1_05.MRS 

Region: 1 

Description: d+8mm 

Operator: M D JOHNSON 

Date: Wed May 20 05:16:03 1992 


glansnt 



Cu 

(2p3) 

935.10 

8.15 % 

F 

(18) 

669.96 

0.77 % 

0 

(18) 

532.20 

37.20 % 

C 

(18) 

285.00 

35.32 % 

Si 

(28) 

153.19 

18.55 % 



Total Percent 

100.00 % 


Figure D-35 Survey ESCA spectrum for tray D1 1 copper strap at 
location d+8.mm. 
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Mtd Mag 28 98)31)05 
D-HJ06.KRS Hod 

<M8M» 

Spot) 480x1 880 p 

Scans: 29 off 29 

Region: 1/ 5 


M- Fro bo ESCA Console 

29 8?) 54: 33 1992 

Resolution: 4 

Neutraliser: 3.0eU 

Aperture: None 


User ID: MELISSA 
Operator: N D JOHNSON 

Energy 

Counts: 



Pile name: D_11_06.MRS 

Region: 1 

Description: d+lOmm 

Operator: M D JOHNSON 

Date: Wed May 20 07:54:33 1992 


Hmtnt 


atftg % 

cu 

(2p3) 

935.18 

9.39 % 

p 

(is) 

690.09 

0.91 % 

0 

(Is) 

S32.24 

40.69 % 

c 

(18) 

285.00 

30.12 % 

Si 

(28) 

153.21 

18.88 % 



Total Percent 

100.00 % 


Figure D-36 Survey ESCA spectrum for tray Dll copper strap at 
location d+10.mm. 
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Med May 20 10:11:3/ 
0-11 JW. MRS Tut 

«U12«* 

Spot} 400x1 000p 

Scons: 20 of 20 

Region: 1/ S 


KProbo ESC* Consols 
19 IS: £9:04 1992 

Resolution: 4 
Neutraliser: 3.0eU 
Aperture ; None 


User ID: MELISSA 
Operator: M D JOHNSON 

Energy: 

Counts: 



File name: D_11_07.MRS 

Region: 1 

Description: d+12mm 

Operator: M D JOHNSON 

Date: Tue May 19 15:59:04 1992 


Element 

Binding Energy 

atom % 

Cu 

<2p3) 

935.23 

8.57 % 

F 

(is) 

690.07 

1.23 % 

0 

(is) 

532.42 

41.84 % 

c 

(is) 

265.00 

27.84 % 

Si 

(2ti) 

153.39 

20.52 % 



Total Percent 

100.00 % 


Figure D-37 Survey ESCA spectrum for tray D 1 1 copper strap at 
location d+12.mm. 
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. ^ 


Tue Hay 26 I4s29s31 H- Pro be ESCfl Cental* 

D11001 »HJtS Tue Hay 26 09)16(16 1992 

4*1 4a* 


Spot) 406x1000*1 
Scant i 20 of 20 
Regions 1/ 3 


Roto lut ions 4 
Neutral Icon 3*0eM 
Aperture i Nona 


User IDs LDEF 
Operators H 0 JOHNSON 

Eneryys 
Countt s 



Pile name: D11001.MRS 

Region: 1 

Description: d+14mm 

Operator: M D JOHNSON 

Date: Tue May 26 09: 18; 15 1992 


Element 


atom % 

Cu 

<2 P 3) 

934*21 

0.22 % 

P 

(18) 

689*25 

0.66 % 

N 

(18) 

407*79 

0*69 % 

C 

(18) 

285*10 

15.77 % 

Si 

(28) 

154*36 

29*94 % 

0 

(18) 

534*71 

52.72 % 



Total Percent 

100,00 % 


Figure D-38 Survey ESCA spectrum for tray D 1 1 copper strap at 
location d+14.mtn. 
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Tue M«y 26 14:28:S? M-Probe ESC* Console 

Dll 002. MBS Tue Nay 26 18:38:29 1992 

d*16«« « , . 

Ssoti IIWilOWIll Resolution i 4 

Scans: 28 of 20 Neutraliser: 3.0eU 

Region: 1/ 3 Aperture : Hone 


User XO: LDEF 
Operator: H D JOHNSON 

Energy^ 

Counts: 





Iue Hay 26 14:26:31 
011003. MRS 

Spot! 400x1 000|| 
Seans: 20 of 20 
Region: 1/ 3 


M- Pro be ESCA Console 
Tuo Mag 26 11:57:52 1992 

Resolution: 4 
Neutral iser: 3.0oW 
Aperture: None 


User ID: LDEF 
Operator: M 0 JOHNSON 

Energy: 

Counts: 



Pile nane: 011003 .MRS 

Region: 1 

Description: e+5mm 

Operator: M D JOHNSON 

Date: Tue May 26 11:57:52 1992 


Himt 


atom a 

Na 

(Is) 

1073.30 

0.33 % 

P 

(Is) 

689.31 

0.64 % 

c 

(IS) 

205.38 

10.54 % 

s 

(2s) 

232.21 

0.29 % 

Si 

(2s) 

154.71 

31.38 % 

0 

(Is) 

534.71 

56.81 % 



Total Percent 

100.00 % 


Figure D-40 Survey ESCA spectrum for tray Dll copper strap at 
location e+5.mm. 



Wed Hay 2? IS: B6: 15 H- Pro be ESCA Console User ID: LDEF 

011004. MRS Toe Hay 26 13:19:19 1992 Operator: H D JOHHSON 

e+lSn* 

Spot: 490xl080|l Resolution: 4 Energy: 

Scans: 20 of 20 Heutral iser: 3.0eU Counts; 

Region; 1/ 3 Aperture: Hone 



File name: D11004.MRS 

Region: 1 

Description: e+15mm 


Operator: M D JOHNSON 

Date: Tue May 26 13:19:19 1992 


F 

(18) 

689*91 

1.46 

% 

0 

(18) 

532.58 

47.67 

% 

N 

(18) 

400.36 

1.06 

% 

C 

( Is) 

285.15 

23.14 

% 

Cl 

(2p) 

198.79 

0.33 

% 

s 

(2p) 

169.17 

4.05 

% 

Si 

(28) 

153.82 

17.71 

% 

Cu 

( 2p3 ) 

934.17 

4.58 

% 



Total Percent 

o 

o 

o 

o 

H 

% 


Figure D-41 Survey ESCA spectrum for tray D1 1 copper strap at 
location e+15.mm. 
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o< 2*) 


-«/ 

~\ 


Had Hay 2? 15:06:43 N- Pro be ESCA Console 

D1 1005. HRS Toe Hay 26 14:41:22 1992 

•♦2Smi 

Spot: 400xl000|l Resolution: 4 

Scons: 20 of 20 Neutraliser: 3.0eU 

Region: 1/ 3 Aperture: None 


User 10: LDEF 
Operator: H 0 JOHNSON 

Energy* 

Counts: 



Surface Composition Table Summary 


File name: D11005.MKS 

Region: 1 

Description: e+25mm 

Operator: M D JOHNSON 

Date: Tue May 26 14:41:22 1992 


. ' t 

Ail 

F 

(is) 

690.00 

3*16 

% 

l 

0 

(is) 

532*64 

41.53 

% 


N 

(is) 

400*38 

1*80 

% 

\ 

C 

(18) 

285*38 

31.46 

% 


Cl 

(2p) 

199*89 

0*33 

% 


s 

(2p) 

169.24 

5.73 

% 

1 

Si 

(2s) 

154.07 

8.66 

% 


Na 

(is) 

1073.69 

0.43 

% 

“r 

Cu 

(2p3) 

935.64 

6.91 

% 

V 



Total Percent 

100.00 

% 


Figure D-42 Survey ESCA spectrum for tray D 1 1 copper strap at 
location e+25.mm. 
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Appendix E 


ESCA Survey Spectra From Selected Aluminum Tray Clamp 

Surfaces 


E-l 


List of Figures 


Figure Number Title of Figure 

Page 

Figure E-l 

Results from ESCA survey spectrum of surface 
location 1 of tray clamp E2. 

E-4 

Figure E-2 

Results from ESCA survey spectrum of surface 
location 2. u y clamp E2. 

E-4 

Figure E-3 

Results from ESCA survey spectrum of surface 
location 1 of tray clamp B7. 

E-5 

Figure E-4 

Results from ESCA survey spectrum of surface 
location 2 of tray clamp B7. 

E-5 

Figure E-5 

Results from ESCA survey spectrum of surface 
location 1 of tray clamp E9. 

E-6 

Figure E-6 

Results from ESCA survey spectrum of surface 
location 2 of tray clamp E9. 

E-6 

Figure E-7 

Results from ESCA survey spectrum of surface 
location 1 of tray clamp A8. 

E-7 

Figure E-8 

Results from ESCA survey spectrum of surface 
location 2 of tray clamp A8. 

E-7 

Figure E-9 

Results from ESCA survey spectrum of "dark" 
location of tray clamp A6. 

E-8 

Figure E-10 

Results from ESCA survey spectrum of "light" 
location of tray clamp A6. 

E-8 

Figure E-l 1 

Results from ESCA survey spectrum of surface 
location 1 of tray clamp Ell 

E-9 


E-2 




Figure Number Title of Figure 


Page 


Figure E- 1 2 Results from ESCA survey spectrum of surface 
location 2 of tray clamp El 2. 

Figure E- 1 3 Results from ESCA survey spectrum of surface 

location 1 of tray clamp G6. p.jO 

Figure E- 14 Results from ESCA survey spectrum of surface 

location 2 of tray clamp G6. E-10 

Figure E-15 Results from ESCA survey spectrum of surface 

location 1 of tray clamp HI 1. E-l 1 

Figure E- 1 6 Results from ESCA survey spectrum of surface 

location 2 of tray clamp HI 1. g.jj 


E-3 


Tray: E2 Clamp: 2a- 1 


Element 

Energy 

Atom% 

Si 2s 

153.8 

18.10 

S 2s 

232.3 

0.89 

C Is 

285.0 

23.60 

Mg a 

307.5 

0.84 

N Is 

400.0 

0.80 

O Is 

532.4 

50.99 

Cr2p3 

577.4 

1.01 

FIs 

689.2 

0.99 

Fe2p3 

711.8 

1.83 

Ni2p 3 

855.9 

0.36 

Na Is 

1072.0 

0.58 


Figure E-l Results from ESCA survey spectrum of surface location 1 of tray clamp E2. 

Tray: E2 Clamp: 2a-2 


Element 

Energy 

Atom% 

Si 2s 

153.8 

17.55 

S 2s 

232.2 

0.78 

C Is 

285.0 

24.01 

Mg a 

307.5 

0.50 

N Is 

400.0 

1.00 

Ols 

532.3 

50.44 

Cr2p3 

577.4 

1.00 

Mn 2p 

641.9 

0.37 

FIs 

689.2 

1.29 

Fe2p 3 

711.8 

1.67 

Ni2p3 

855.9 

0.53 

Na Is 

1072.0 

0.76 


Figure E-2 Results from ESCA survey spectrum of surface location 2 of tray clamp E2. 


v 


E-4 


Tray: B7 Clamp; 7a- 1 


Element 

Energy 

Atom% 

Fe3p 

55.9 

1.89 

Si 2s 

153.9 

20.43 

C Is 

285.1 

22.00 

Mg a 

307.5 

1.16 

N Is 

400.0 

1.36 

Naa 

497.8 

2.80 

Ols 

532.3 

46.74 

FIs 

690.3 

1.64 

Fe 2p 3 

711.8 

0.80 

Ni2p3 

855.9 

0.32 

Na Is 

1072.0 

0.86 


Figure E-3 Results from ESCA survey spectrum of surface location 1 of tray clamp B7. 
Tray: B7 Clamp: 7a-2 


Element 

Energy 

Atom% 

Si 2s 

153.8 

16.62 

S 2s 

232.3 

0.64 

C Is 

285.1 

24.55 

Mg a 

306.4 

1.11 

N Is 

400.0 

0.99 

Ols 

532.4 

49.55 

Cr 2p 3 

577.4 

0.55 

F Is 

686.0 

2.07 

Fe2p 3 

711.8 

1.69 

Ni 2p 3 

855.9 

0.75 

Na Is 

1072.1 

1.48 


Figure E-4 Results from ESCA survey spectrum of surface location 2 of tray clamp B7. 


E-5 


Tray: E9 Clamp: 4c- 1 


Element 

Energy 

Atom% 

Si 2s 

153.7 

24.44 

S 2s 

232.3 

0.79 

C Is 

285.1 

16.34 

Mg a 

307.5 

0.65 

K 2s 

378.5 

0.72 

N Is 

401.1 

0.94 

Ols 

533.2 

52.15 

FIs 

689.3 

2.40 

Fe2p 3 

711.8 

0.44 

Na Is 

1072.1 

1.12 


Figure E-5 Results from ESCA survey spectrum of surface location 1 of tray clamp E9. 

Tray: E9 Clamp: 4c-2 


Element 

Energy 

Atom% 

Si 2s 

153.9 

22.22 

C Is 

285.1 

18.95 

K2p 

293.6 

0.22 

Mga 

306.5 

0.85 

N Is 

400.0 

0.82 

Ols 

533.1 

53.06 

FIs 

689.3 

2.05 

Fe2p3 

711.8 

0.80 

Na Is 

1073.1 

1.03 


Figure E-6 Results from ESCA survey spectrum of surface location 2 of tray clamp E9. 


E-6 


Elc.nent 

Energy 

Atom% 

Si 2s 

153.9 

24.42 

C Is 

285.0 

13.76 

Mg a 

306.4 

0.88 

Ols 

533.0 

57.66 

FIs 

689.3 

1.17 

Fe 2p 3 

711.8 

1.19 

Ni 2p 3 

855.9 

0.29 

Na Is 

1072.1 

0.63 


Figure E-7 Results from ESCA survey spectrum of surface location 1 of tray clamp A8. 
Tray: A8 Clamp: la-2 


Element 

Energy 

Atom% 

Si 2s 

153.9 

24.49 

C Is 

285.0 

12.87 

Mg a 

306.5 

1.00 

Naa 

497.8 

1.18 

Ols 

533.0 

57.16 

Cr2p3 

576.3 

0.93 

FIs 

689.3 

0.93 

Fe2p3 

711.8 

1.06 

Ni2p3 

855.9 

0.37 


Figure E-8 Results from ESCA survey spectrum of surface location 2 of tray clamp A8. 


E-7 




-■r 


Element 

Energy 

Atom% 

Si 2s 

153.8 

20.84 

C Is 

285.0 

16.96 

Mg a 

306.4 

0.49 

K 2s 

377.4 

0.47 

N Is 

400.0 

0.67 

Ti 2p 

458.1 

0.31 

Ols 

532.3 

55.86 

Cr2p3 

577.4 

0.79 

FIs 

689.2 

0.59 

Fe 2p3 

711.8 

1.75 

Ni 2p3 

855.9 

0.39 

Na Is 

1072.0 

0.88 


Figure E-9 Results from ESCA survey spectrum of "dark" location from tray clamp A6. 

Tray: A6 Clamp: 6c-light 


Element 

Energy 

Atom% 

Si 2s 

153.8 

19.43 

Cls 

285.0 

19.96 

Mg a 

306.4 

0.48 

N Is 

400.0 

0.59 

Ols 

532.4 

54.73 

Cr2p3 

577.4 

0.60 

Mn 2p 

641.9 

0.30 

FIs 

689.2 

0.52 

Fe2p3 

711.8 

1.78 

Ni 2p 3 

855.9 

0.67 

Na Is 

1072.1 

0.93 


Figure E- 10 Results from ESCA survey spectrum of "light" location from tray clamp A6. 


E-8 


Element 

Energy 

Atom% 

Si 2s 

153.8 

21.09 

C Is 

285.0 

17.09 

Mg a 

306.5 

0.81 

Ols 

532.4 

56.17 

Cr 2p 3 

577.4 

0.35 

Mn 2p 

643.0 

0.32 

F Is 

689.2 

0.86 

Fe 2p 3 

711.8 

1.71 

Ni 2p 3 

855.9 

0.67 

Na Is 

1072.0 

0.93 


Figure E- 1 1 Results from ESCA survey spectrum of surface location 1 of tray clamp D 1 2. 
Tray: D12 Clamp: 2a-2 


Element 

Energy 

Atom% 

Si 2s 

153.8 

20.98 

C Is 

285.0 

16.10 

Mg a 

30C.4 

0.88 

Naa 

497.8 

1.69 

Ols 

532.4 

56.36 

Cr 2p 3 

576.4 

0.30 

Mn 2p 

640.9 

0.34 

FIs 

689.2 

0.72 

Fe2p 3 

711.8 

1.80 

Ni2p 3 

855.9 

0.83 


Figure E- 12 Results from ESCA survey spectrum of surface location 2 of tray clamp D1 2. 


E-9 


Tray: G6 Clamp* 2a- 1 


Element 

Energy 

Atom% 

Si 2s 

153.9 

18.67 

S 2s 

233.3 

1.65 

C Is 

285.1 

21.76 

Mg a 

306.5 

0.69 

Ca 2p 

348.4 

0.55 

K 2s 

378.5 

1.17 

N Is 

401.0 

0.78 

Ols 

533.0 

49.09 

Cr 2p 3 

577.4 

0.37 

FIs 

689.2 

2.46 

Fe 2p 3 

712.9 

0.75 

Zn2p3 

1022.6 

0.63 

Na Is 

1073.0 

1.43 

Figure E-13 
Tray: G6 

Results from ESCA survey spectrum of surface location 2 of tray clamp G6. 
Clamp: 2a-2 

Element 

Ene r ^v 

Atom% 

Si 2s 

153.9 

20.32 

S 2s 

233.3 

1.60 

C Is 

285.1 

20.87 

Mg a 

307.5 

0.85 

K 2s 

378.5 

0.66 

N Is 

401.0 

1.04 

0 Is 

533.0 

50.58 

Cr 2p 

576.4 

0.20 

F Is 

689.3 

1.95 

Fe2p 3 

711.8 

0.47 

Na Is 

1072.1 

1.19 


Figure E- 14 Results from ESCA survey spectrum of surface location 2 of tray clamp G6. 


E-10 


Tniy: HU Clamp: 7a- 1 


Element 

Energy 

Atom% 

Si2p 

103.3 

29.09 

S 2s 

232.3 

0.79 

Cis 

285.0 

11.79 

Ca2p 

348.4 

0.19 

K 2s 

378.5 

0.32 

Ols 

533.1 

56.37 

FIs 

686.0 

0.70 

Fe 2p 3 

711.8 

0.21 

Na Is 

1073.1 

0.52 

Figure E-15 

Results from ESCA survey spectrum of surface location 

Tray: Hll 

Clamp: 7a-2 


Element 

Energy 

Atom% 

A12p 

75.2 

2.40 

Si 2s 

103.3 

28.06 

S 2s 

233.3 

0.71 

C Is 

285.1 

11.33 

Ols 

533.2 

56.25 

FIs 

686.0 

0.64 

Fe2p 3 

711.8 

0.22 

Na Is 

1072.1 

0.49 


of tray clamp HI 1. 


Figure E-16 Results from ESCA survey spectrum of surface location 2 of tray clamp HI 1. 
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Appendix F 


Atomic concentrations as a function of depth for selected 
stainless steel bolts from LDEF. 


Depth profiles of selected bolts are presented in tabular form. Results of analysis of four control 
bolts and bolts from locations A6, D2, D5, D7, E9, and HI 1 , are included. The "depth" is 
reported in minutes of sputtering prior to measurement The average sputter rates were about 
150A/minute. 
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Figure F- 16. Atomic concentrations at selected depths for stainless 
steel bolt HI 1 -7a. 


F-74 


F-3 


Bolt 

Depth 


Atomic 

UL 

(mini 

Etement 

Concentration ( % ] 

Control 1-1 

Surface 

c 

69.00 



0 

8.68 



Ti 

1.74 



Na 

4.33 



Fe 

3.63 



Si 

9.88 



Ni 

2.063 



Cr 

0.68 


Control 1-1 

0.25 

C 

43.81 



O 

18.34 



Ti 

2.02 



Na 

4.25 



Fe 

10.37 



Si 

12.92 



Ni 

5.50 



Cr 

2.78 


Control 1-1 

0.5 

C 

20.01 



O 

17.24 



Ti 

3.17 



Na 

2.44 



Fe 

25.97 



Si 

10.14 



Ni 

14.45 



Cr 

6.58 


Figure F- 1 . Atomic concentrations at selected depths for stainless 
steel control bolt 1, area 1. 


F-4 


Bolt Depth 


Atomic 

JLXL 

Ekment 

Con cent rat inn (<? r ) 

Control 1-1 0.75 

c 

12.13 


0 

9.87 


Ti 

2.47 


Na 

1.17 


Fe 

39.97 


si 

5.58 


Ni 

19.57 


Cr 

9.25 

Control 1-1 1.0 

C 

10.67 


0 

5.46 


Ti 

3.67 


Na 

1.70 


Fe 

46.35 


Si 

2.98 


Ni 

18.96 


Cr 

10.21 

Control 1-1 1.25 

C 

7.92 


0 

4.05 


Ti 

2.93 


Na 

1.36 


Fe 

49.60 


Si 

2.73 


Ni 

20.15 


Cr 

11.26 

Figure F-l (continued). 

Atomic concentrations at selected depths for stainless 
control bolt 1, area 1. 


F-5 


Bolt 

Depth 


Atomic 

UL 

fmin) 

Element 

Concentration 

Control 1-1 

1.5 

C 

6.46 



O 

2.09 



Ti 

3.46 



Na 

1.44 



Fe 

52.33 



Si 

2.22 



Ni 

20.70 



Cr 

11.29 

Control 1-1 

1.75 

C 

6.76 



0 

2.09 



T i 

3.09 



Na 

1.36 



Fe 

51.79 



Si 

2.12 



Ni 

21.53 



Cr 

11.25 


Control 1-1 

2.0 

C 

5.58 



0 

1.89 



Ti 

2.69 



Na 

1.27 



Fe 

52.97 



Si 

2.10 



Ni 

21.05 



Cr 

12.44 


Figure F- 1 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 1, area 1. 


F-6 


Bolt 

Depth 


Atomic 

L JL 

(mini 

Element 

Concentration [%) 

Control 1-2 

Surface 

C 

79.97 



O 

4.98 



Ti 

1.31 



Na 

4.16 



Fe 

3.85 



Si 

3.15 



Ni 

1.56 



Cr 

1.03 


Control 1-2 

0.25 

C 

63.88 



0 

11.02 



Ti 

1.50 



Na 

5.91 



Fe 

8.40 



Si 

4.16 



Ni 

3.92 



Cr 

1.22 


Control 1-2 

0.50 

C 

45.48 



O 

15.45 



TI 

1.58 



Na 

3.81 



Fe 

16.11 



Si 

6.28 



Ni 

7.67 



Cr 

3.62 


Figure F-2. Atomic concentrations at selected depths for stainless 
steel control bolt 1, area 2. 


F-7 


Bolt 

Depth 


Atomic 

i.n. 

(mini 

Element 

Concentration (%) 

Control 1-2 

0.75 

C 

31.15 



0 

14.56 



Ti 

2.05 



Na 

3.22 



Fe 

26.82 



Si 

5.08 



Ni 

11.68 



Cr 

5.44 


Control 1-2 

1.0 

C 

23.65 



0 

11.73 



Ti 

2.20 



Na 

2.22 



Fe 

33.75 



Si 

3.64 



Ni 

15.95 



Cr 

6.85 


Control 1-2 

1.25 

C 

20.88 



O 

9.45 



Ti 

2.04 



Na 

2.16 



Fe 

38.60 



Si 

3.51 



Ni 

15.98 



Cr 

7.38 


Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 1, area 2. 


F-8 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

Concentration (%1 

Control 1-2 

1.5 

C 

18.07 



0 

8.30 



Ti 

2.01 



Na 

2.10 



Fe 

40.44 



Si 

3.36 



Ni 

17.64 



Cr 

8.08 


Control 1-2 

1.75 

C 

14.64 



O 

7.41 



T i 

2.39 



Na 

1.51 



Fe 

43.17 



Si 

3.17 



Ni 

18.79 



Cr 

8.92 


Control 1-2 

2.0 

C 

13.18 



O 

6.93 



Ti 

2.35 



Na 

1.38 



Fe 

45.68 



Si 

2.71 



Ni 

18.39 



Cr 

9.40 


Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 1, area 2. 


F-9 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Element 

Concentration (%1 

Control 1-2 

2.25 

C 

14.15 



O 

4.27 



T i 

2.44 



Na 

1.86 



Fe 

46.87 



Si 

2.89 



Ni 

18.53 



Cr 

8.99 


Control 1-2 

2.5 

C 

12.68 



0 

4.39 



Ti 

2.78 



Na 

1.48 



Fe 

47.36 



Si 

2.42 



Ni 

19.06 



Cr 

9.83 


Control 1-2 

2.75 

C 

10.21 



0 

4.47 



Ti 

2.35 



Na 

1.42 



Fe 

49.85 



Si 

2.49 



Ni 

19.50 



Cr 

9.71 


Figure F-2 (continued). Atomic cone .ntrations at selected depths for stainless steel 

control bolt 1, area 2. 

F-10 






Bolt 

UL 


Depth 

Lmin) 


Elgmont 


Atomic 


Cbntrol 1-2 3.0 C 9.07 

° 3.78 

Tt 1.87 

Na 1.74 

Fe 50.86 

Si 2.16 

Ni 20.42 

Cr 10.10 

Control 1-2 3.25 C 10.63 

O 3.26 

Tl 2.18 

N a 1.34 

Fe 50.72 

Si 1.83 

Ni 20.75 

Cr 9.29 

Cbntrol 1-2 3.5 C 10.05 

0 3.98 

Tl 2.863 

Na 1.17 

Fe 48.88 

Si 2.11 

Ni 21.01 

Cr 9.97 


Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 1, area 2. 


F-l 1 


Bolt 

Depth 


Atomic 

l.D. 

(mini 

Element 

Concentration 

Control 1-2 

3.75 

C 

8.48 



0 

3.81 



11 

2.80 



Na 

1.76 



Fe 

49.77 



Si 

1.94 



Ni 

21.85 



Cr 

9.60 


Control 1-2 

4.0 

C 

7.51 



O 

3.86 



Ti 

2.33 



Na 

1.54 



Fe 

51.54 



Si 

2.37 



Ni 

21.10 



Cr 

9.75 


Figure F-2 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 1, area 2. 


F-12 


Bolt 

Depth 


Atomic 

LXL 

(mini 

Element 

Concentration 

Control 2-1 

Surface 

C 

71.13 



O 

8.4 2 



Ti 

2.64 



Na 

6.22 



Fe 

5.53 



Si 

2.79 



Ni 

2.22 



Cr 

1.05 


Control 2-1 

0.25 

C 

55.88 



O 

12.98 



Ti 

2.27 



Na 

5.75 



Fe 

13.55 



Si 

4.55 



Ni 

4.20 



Cr 

0.82 


Control 2-1 

0.5 

C 

41.85 



o 

15.52 



Ti 

3.01 



Na 

4.79 



Fe 

20.24 



Si 

4.59 



Ni 

7.84 



Cr 

2.16 


Figure F-3. Atomic concentrations at selected depths for stainless 
steel control bolt 2, area 1. 


F-13 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

Concentration 

Control 2-1 

0.75 

c 

33.76 



o 

14.47 



T i 

2.59 



Na 

3.60 



Fe 

26.58 



Si 

5.19 



Ni 

10.20 



Cr 

3.62 


Control 2-1 

1.0 

C 

30.47 



O 

12.66 



Ti 

2.54 



Na 

3.14 



Fe 

30.35 



Si 

5.36 



Ni 

12.29 



Cr 

3.20 


Control 2-1 

1.25 

C 

27.66 



O 

12.28 



Ti 

2.63 



Na 

2.29 



Fe 

31.79 



Si 

5.34 



Ni 

12.39 



Cr 

5.62 


Figure F-3 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2 , area 1. 


F-14 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Ekment 

Concentration (%) 

Control 2-1 

1.5 

C 

23.64 



0 

12.35 



T i 

1.85 



Na 

2.23 



Fe 

35.26 



Si 

5.29 



Ni 

14.02 



Cr 

5.37 


Control 2-1 

1.75 

C 

20.49 



0 

10.76 



Ti 

2.56 



Na 

2.34 



Fe 

36.71 



Si 

5.78 



Ni 

14.27 



Cr 

7.10 


Control 2-1 

2.0 

C 

19.16 



O 

11.09 



Tl 

2.79 



Na 

1.75 



Fe 

38.77 



Si 

5.36 



Ni 

14.62 



Cr 

6.45 


Figure F-3 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 1. 


F- 15 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

Concentration (%1 

Control 2-1 

2.25 

C 

19.18 



0 

7.88 



Ti 

2.52 



Na 

1.95 



Fe 

41.28 



Si 

3.72 



Ni 

16.11 



Cr 

7.36 


Control 2-1 

2.5 

C 

15.45 



0 

7.85 



Ti 

2.64 



Na 

? 14 



Fe 

42.11 



Si 

4.01 



Ni 

17.56 



Cr 

7.24 


Control 2-1 

2.75 

C 

15.65 



0 

7.42 



Ti 

2.40 



Na 

1.41 



Fc 

43.44 



Si 

3.32 



Ni 

17.95 



Cr 

8.41 


Figure F-3 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 1. 


F-16 


Bolt 

Depth 


Atomic 

ID. 

(min) 

Element 

Concentration (%) 

Control 2-1 

3.0 

C 

14.88 



0 

6.98 



Ti 

3.06 



Na 

1.22 



Fe 

44.47 



Si 

3.56 



Ni 

18.00 



Cr 

7.84 


Control 2-1 

3.25 

C 

14.23 



O 

6.32 



Ti 

2.72 



Na 

1.60 



Fe 

45.24 



Si 

2.73 



Ni 

19.17 



Cr 

7.99 


Control 2-1 

3.5 

C 

12.86 



O 

7.12 



Ti 

2.58 



Na 

1.60 



Fe 

43.41 



Si 

3.51 



Ni 

19.78 



Cr 

9.14 


Figure F-3 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 1. 


F-17 


Bolt 

Depth 


Atomic 

ID. 

(mini 

Element 

Concentration (%1 

Control 2-1 

3.75 

C 

12.16 



O 

7.18 



Ti 

3.22 



Na 

1.56 



Fe 

44.77 



Si 

3.12 



Ni 

19.57 



Cr 

8.42 


Control 2-1 

4.0 

C 

11.56 



0 

6.54 



Tx 

3.40 



Na 

1.91 



Fe 

45.35 



Si 

2.84 



Ni 

19.44 



Cr 

8.96 


Figure F-3 (c . .ttinued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 1. 


F-18 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Element 

Concentration (%) 

Control 2-2 

Surface 

C 

75.93 



0 

6.20 



Ti 

2.24 



Na 

4.33 



Fe 

4.27 



Si 

4.49 



Ni 

1.83 



Cr 

0.72 


Control 2-2 

0.25 

C 

63.07 



O 

12.33 



Ti 

1.93 



Na 

6.26 



Fe 

5.63 



Si 

6.10 



Ni 

3.33 



Cr 

1.33 


Control 2-2 

0.5 

C 

49.44 



O 

13.39 



Tt 

1.61 



Na 

3.71 



Fe 

14.89 



Si 

6.15 



Ni 

7.22 



Cr 

3.59 


Figure F*4. Atomic concentrations at selected depths for stainless 
steel control bolt 2, area 2. 


F-19 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

Concentration (%) 

Control 2-2 

0.75 

c 

40.45 



0 

10.01 



Ti 

2.77 



Na 

2.97 



Fe 

21.23 



Si 

5.73 



Ni 

12.16 



Cr 

4.68 


Control 2-2 

1.0 

C 

35.54 



O 

7.78 



Ti 

2.82 



Na 

2.50 



Fe 

28.02 



Si 

4.41 



Ni 

12.88 



Cr 

6.05 


Control 2-2 

1.25 

C 

32.13 



O 

6.77 



Ti 

2.16 



Na 

2.31 



Fe 

31.88 



Si 

3.67 



Ni 

14.42 



Cr 

6.66 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 2. 


F-20 


Bolt 

I.D. 


Element 


Atomic 

Concentration r<%>) 


Depth 

(min) 


Control 2-2 1.5 C 33.06 

o 6.91 

Ti 2.71 

Na 2.49 

Fe 29.88 

Si 3.63 

Ni 14.23 

Cr 7.09 

Control 2-2 1.75 C 28.99 

O 6.71 

*n 2.67 

Na 2.10 

Fe 34.24 

Si 3.67 

Ni 14.83 

Cr 6.79 

Control 2-2 2.0 C 28.53 

o 6.22 

’n 2.34 

Na 2.22 

Fe 34.41 

Si 3.56 

Ni 15.35 

Cr 7.38 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 2. 


F-21 


Boll 

I.D. 


Depth 

(min) 




Atomic 

Concentration 1 %) 


Control 2-2 2.2S 


Control 2-2 2.5 


Control 2-2 2.75 


C 

24.55 

0 

5.68 

Ti 

2.169 

Na 

1.88 

Fe 

36.31 

Si 

3.86 

Ni 

16.52 

Cr 

8.11 


C 

24.22 

0 

6.063 

Ti 

2.20 

Na 

1.66 

Fe 

35.94 

Si 

4.56 

Ni 

16.51 

Cr 

8.°6 


C 

24.42 

O 

5.40 

Ti 

3.21 

Na 

2.10 

Fe 

37.16 

Si 

3.70 

Ni 

16.42 

Cr 

7.59 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 2. 


F-22 


Bolt 

Depth 


Atomic 

i.n. 

fmlnl 

Element 

Concentration (%) 

Control 2-2 

3.0 

C 

24.29 



0 

5.85 



Ti 

3.70 



Na 

1.79 



Fe 

37.61 



Si 

2.86 



Ni 

15.70 



Cr 

8.21 


Control 2-2 

3.25 

C 

21.65 



0 

4.74 



Ti 

2.74 



Na 

1.63 



Fe 

40.11 



Si 

4.25 



Ni 

16.40 



Cr 

8.48 


Control 2-2 

3.5 

C 

20.75 



O 

4.90 



Ti 

2.66 



Na 

1.77 



Fe 

41.33 



Si 

3.63 



Ni 

16.55 



a 

8.42 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 2. 


F-23 



Bolt 

Depth 


Atomic 

UL 

(mini 

Ekurnnt 

Concentration 

Control 2-2 

3.75 

c 

20.26 



0 

4.73 



Ti 

2.95 



Na 

1.52 



Fe 

42.21 



Si 

3.05 



Ni 

16.60 



Cr 

8.68 


Control 2-2 

4.0 

C 

19.08 



0 

4.86 



Tl 

2.52 



Na 

1.55 



Fe 

42.88 



Si 

2.67 



Ni 

18.39 



Cr 

8.04 


Control 2-2 

5.0 

C 

16.02 



O 

3.53 



Ti 

3.49 



Na 

1.56 



Fe 

43.81 



Si 

2.33 



Ni 

19.94 



Cr 

9.32 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2, area 2. 


F-24 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Element 

Concentration 

Control 2-2 

6.0 

C 

12.23 



0 

3.25 



Ti 1 

2.83 



Na 

1.58 



Fe 

47.27 



Si 

2.03 



Ni 

20.21 



Cr 

10.59 


Figure F-4 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 2 , area 2. 


F-25 


Bolt 

UL 


Element 


Atomic 

Concentration 


Depth 

Onia) 


Control 3-1 Surface C 46.38 

O 21.22 

Ti 2.41 

Na 3.40 

Fe 5.54 

Si 18.21 

Ni 2.18 

Cr 0.65 

Control 3-1 0.25 C 17.63 

O 28.17 

Ti 2.55 

Na 3.45 

Fe 16.97 

Si 21.85 

Ni 6.10 

Cr 3.28 

Control 3-1 0.5 C 15.55 

O 18.10 

Ti 3.09 

Na 1.70 

Fe 29.20 

Si 12.12 

Ni 13.90 

Cr 6.34 


Figure F-5. Atomic concentrations at selected depths for stainless 
steel control bolt 3, area 1. 


F-26 


Bolt 

Depth 


Atomic 

LDi 

(min) 

Element 

Concentrate 

Control 3-1 

0.75 

C 

11.91 



0 

10.46 



Ti 

2.96 



Na 

2.00 



Fe 

39.81 



Si 

7.25 



Ni 

17.28 



Cr 

8.33 


Control 3-1 

1.0 

C 

9.61 



O 

7.37 



Ti 

3.48 



Na 

1.19 



Fe 

43.26 



Si 

4.97 



Ni 

19.58 



Cr 

10.53 


Control 3-1 

1.25 

C 

7.19 



O 

4.77 



T i 

2.79 



Na 

1.36 



Fe 

48.19 



Si 

3.67 



Ni 

19.30 



Cr 

12.73 


Figure F-5 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 1. 


F-27 


Bolt 

Depth 


Atomic 

I.D- 

(mini 

Elemfinl 

Concentration (%) 

Control 3*1 

1.5 

c 

6.98 



0 

3.25 



Ti 

3.97 



Na 

0.97 



Fe 

51.37 



Si 

2.25 



Ni 

19.46 



Cr 

11.77 


Control 3-1 

1.75 

C 

6.26 



0 

1.54 



Ti 

2.99 



Na 

1.53 



Fe 

51.51 



Si 

2.77 



Ni 

20.69 



Cr 

12.71 


Control 3-1 

2.0 

C 

4.97 



0 

1.79 



T i 

2.47 



Na 

1.64 



Fe 

53.25 



Si 

1.79 



Ni 

21.07 



Cr 

13.02 


Figure F-5 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 1. 


F-28 


Bolt 

Depth 


Atomic 

ID. 

(mini 

Element 

Concentration 

Control 3-2 

Surface 

C 

55.50 



0 

15.68 



Ti 

2.37 



Na 

6.61 



Fe 

6.90 



Si 

8.80 



Ni 

2.87 



Cr 

1.27 


Control 3-2 

0.25 

C 

14.28 



0 

28.79 



Ti 

3.35 



Na 

3.82 



Fe 

21.06 



Si 

11.21 



Ni 

10.07 



Cr 

7.43 


Control 3-2 

0.5 

C 

11.14 



O 

15.21 



Ti 

4.29 



Na 

1.85 



Fe 

34.94 



Si 

7.86 



Ni 

17.66 



Cr 

7.05 


Figure F-6. Atomic concentrations at selected depths for stainless 
steel control bolt 3, area 2. 


F-29 


Bolt 

Depth 


Atomic 

UL 

(n.in) 

Element 

Concentration 

Control 3-2 

0.75 

c 

12.26 



o 

10.90 



Ti 

2.53 



Na 

2.24 



Fe 

39.43 



Si 

7.01 



Ni 

18.14 



Cr 

7.48 


Control 3-2 

1.0 

c 

13.00 



o 

9.17 



Ti i 

2.85 



Na 

2.19 



Fe 

41.95 



Si 

6.01 



Ni 

17.09 



Cr 

7.73 


Control 3-2 

1.25 

C 

10.29 



O 

7.85 



Ti 

2.25 



Na 

1.98 



Fe 

44.34 



Si 

6.31 



Ni 

18.42 



Cr 

8.56 


Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 2. 


F-30 


Bolt 

Depth 


Atomic 

ID. 

(mini 

Ekment 

Concentration (%1 

Control 3-2 

1.5 

c 

9.60 



0 

7.01 



Ti 

3.44 



Na 

1.77 



Fe 

44.93 



Si 

5.46 



Ni 

18.70 



Cr 

9.09 


Control 3-2 

1.75 

C 

9.16 



0 

7.07 



Ti 

2.96 



Na 

1.60 



Fe 

45.56 



Si 

5.96 



Ni 

18.16 



Cr 

9.53 


Control 3-2 

2.0 

C 

7.95 



O 

6.99 



T i 

2.90 



Na 

2.10 



Fe 

46.57 



Si 

5.73 



Ni 

18.68 



Cr 

9.09 


Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 2. 


F-31 


Bolt 

Depth 


Atomic 

in. 

fmin) 

Element 

Concentration 

Control 3-2 

2.25 

c 

9.11 



0 

6.23 



Ti 

3.35 



Na 

1.74 



Fe 

46.91 



Si 

4.04 



Ni 

19.09 



Cr 

9.53 


Control 3-2 

2.5 

C 

9.83 



O 

6.30 



Ti 

2.38 



Na 

1.92 



Fe 

47.50 



Si 

4.33 



Ni 

18.28 



Cr 

9.45 


Control 3-2 

2.75 

C 

8.66 



0 

5.42 



Ti 

3.35 



Na 

1.30 



Fe 

48.37 



Si 

4.33 



Ni 

19.04 



Cr 

9.53 


Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 2. 


F-32 


Bolt 

Depth 


Atomic 

I.D. 

imin) 

Element 

Concentration 

Control 3-2 

3.0 

C 

8.49 



0 

5.57 



Ti 

3.40 



Na 

1.06 



Fe 

46.89 



Si 

4.39 



Ni 

19.69 



Cr 

10.49 

Control 3-2 

3.25 

C 

8.61 



O 

5.41 



T i 

4.01 



Na 

1.43 



Fe 

46.99 



Si 

3.96 



Ni 

19.63 



Cr 

9.96 

Control 3-2 

3.5 

C 

9.53 



O 

5.33 



Ti 

3.24 



Na 

1.34 



Fe 

48.08 



Si 

3.73 



Ni 

18.26 



Cr 

10.50 


Figure F-6 (continued). Atomic concentrations at selected depths for stainless 

control bolt 3, area 2. 


steel 


F-33 


Bolt 

Depth 


Atomic 

l.D. 

(mini 

Element 

Concentration 

Control 3-2 

3.75 

c 

8.53 



0 

4.82 



Ti 

3.16 



Na 

1.50 



Fe 

48.92 



Si 

3.74 



Ni 

19.64 



Cr 

9.69 


Control 3-2 

4.0 

C 

7.97 



O 

4.26 



Ti 

3.38 



Na 

1.59 



Fe 

49.40 



Si 

3.18 



Ni 

19.70 



Cr 

10.53 


Control 3-2 

5.0 

C 

8.26 



O 

4.32 



Ti 

2.34 



Na 

1.05 



Fe 

48.98 



Si 

3.84 



Ni 

19.95 



Cr 

11.26 


Figure F-6 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 2. 


F-34 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Ekmcnt 

Concentration (%) 

Control 3*2 

6.0 

c 

7.53 



o 

2.87 



Ti 

2.71 



Na 

1.09 



Fe 

51.36 



Si 

2.72 



Ni 

20.83 



Cr 

10.88 


Figure F-5 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 3, area 1. 


F-35 


a 


Bolt 

Depth 


Atomic 

l.D- 

(mini 

Element 

Concentration 1%) 

Conirol 4-1 

Surface 

C 

73.00 



0 

7.75 



Ti 

1.57 



Na 

2.97 



Fe 

7.81 



Si 

3.14 



Ni 

3.01 



Cr 

0.75 


Control 4-1 

0.25 

C 

29.02 



o 

19.12 



Ti 

1.90 



Na 

2.11 



Fe 

26.32 



Si 

3.02 



Ni 

12.45 



Cr 

6.06 

Control 4-1 

0.5 

C 

11.05 



O 

5.88 



T i 

2.74 



Na 

1.17 



Fe 

47.52 



Si 

1.83 



Ni 

21.48 



Cr 

8.33 


Figure F-7. Atomic concentrations at selected depths for stainless 
steel control bolt 4, area 1. 


F-36 


Bolt 

Depth 


Atomic 

i.n. 

(mini 

Element 

Concentration (%i 

Control 4-1 

0.75 

C 

8.03 



0 

1.87 



Ti 

1.99 



Na 

1.23 



Fe 

53.10 



Si 

1.56 



Ni 

23.07 



Cr 

9.15 


Control 4-1 

1.0 

C 

7.01 



O 

1.27 



Ti 

2.70 



Na 

1.19 



Fe 

56.07 



Si 

1.62 



Ni 

21.05 



Cr 

9.09 

Control 4-1 

1.25 

C 

4.90 



O 

0.85 



n 

2.88 



Na 

1.33 



Ffe 

55.60 



Si 

2.33 



Ni 

22.17 



Cr 

9.95 


Figure F-7 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 1. 


F-37 


* *- 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

ConeenfrnHnti 

Control 4-1 

1.5 

C 

4.37 



0 

0.56 



Ti 

3.05 



Na 

1.12 



Fe 

50.33 



Si 

2.15 



Ni 

22.00 



Cr 

10.41 


Control 4-1 

1.75 

C 

4.19 



O 

0.77 



Ti 

2.45 



Na 

0.99 



Fe 

55.95 



Si 

1.24 



Ni 

23.34 



Cr 

11.08 


Cbntrol4-l 

2.0 

C 

4.20 



O 

0.81 



Ti 

2.40 



Na 

1.47 



Fe 

55.55 



Si 

1.99 



Ni 

22.93 



Cr 

10.66 


Figure F-7 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 1. 


F-38 


Bolt 

Depth 


Atomic 

UL 

(mini 

Ekment 

Concentration 

Control 4-2 

Surface 

c 

66.99 



0 

10.46 



Ti 

1.25 



Na 

4.94 



Fe 

3.49 



Si 

10.04 



Ni 

2.11 



Cr 

0.71 


Control 4-2 

0.25 

C 

38.68 



O 

23.67 



Ti 

1.72 



Na 

4.73 



Fe 

9.67 



Si 

16.66 



Ni 

3.36 



Cr 

1.50 


Control 4-2 

0.5 

C 

18.74 



O 

22.18 



Ti 

2.04 



Na 

2.22 



Fe 

24.53 



Si 

11.31 



Ni 

12.95 



Cr 

6.03 


Figure F-8. Atomic concentrations at selected depths for stainless 
steel control bolt 4, area 2. 


F-39 


Bolt 

Depth 


Atomic 

UL 

(mini 

Element 

Concent rntiim 

Control 4*2 

0.75 

C 

11.98 



0 

12.11 



Ti 

2.91 



Na 

1.63 



Fe 

38.69 



Si 

8.31 



Ni 

18.52 



Cr 

5.85 

Control 4-2 

1.0 

C 

10.14 



O 

8.56 



Ti 

1.94 



Na 

1.93 



Fe 

47.50 



Si 

4.87 



Ni 

18.24 



Cr 

6.82 


Control 4-2 

1.25 

C 

7.78 



0 

6.78 



Ti 

1.99 



Na 

1.51 



Fe 

49.42 



Si 

4.41 



Ni 

19.99 



Cr 

8.11 


Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 2. 


F-40 


Bolt 

Depth 


Atomic 

l.P. 

(mini 

Elrnott 

Cftorentratton (%) 

Control 4-2 

1.5 

c 

7.35 



o 

5.16 



Ti 

2.02 



Na 

1.32 



Fe 

52.36 



Si 

4.22 



Ni 

19.62 



Cr 

7.94 

Control 4-2 

1.75 

c 

6.35 



0 

4.69 



T i 

2.18 



Na 

2.12 



Fe 

5 t.20 



Si 

2.65 



Ni 

19.63 



Cr 

8.18 


Control 4-2 * 

2.0 

C 

6.46 



O 

4.79 



T i 

1.86 



Na 

1.36 



Fe 

54.40 



Si 

2.72 



Ni 

20.02 



Cr 

8.39 


Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 2. 


F-41 


Bolt 

Depth 


Atomic 

in. 

(mini 

Element 

Concentration (%1 

Control 4-2 

2.25 

c 

5.49 



0 

3.08 



T i 

2.21 



Na 

1.59 



Fe 

56.07 



Si 

3.oo 



Ni 

20.18 



Cr 

8.38 


Control 4-2 

2.5 

C 

4.45 



0 

3.51 



Ti 

2.11 



Na 

1.41 



Fe 

56.01 



Si 

3.29 



Ni 

20.23 



Cr 

8.99 


Control 4-2 

2.75 

C 

505 



0 

3.o7 



Ti 

2.06 



Na 

1.01 



Fe 

57.18 



Si 

2.52 



Ni 

19.94 



Cr 

9.18 


Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 2. 


F-42 


Bolt 

Depth 


Atomic 

LJL 

(min) 

Element 

rnnfontration (%) 

Control 4-2 

3.0 

C 

4.39 



O 

2.75 



Ti 

2.39 



Na 

1.12 



Fe 

56.71 



Si 

1.61 



Ni 

21.68 



Cr 

9.35 


Control 4-2 

3.25 

C 

4.63 



0 

3.02 



Ti 

2.53 



Na 

1.33 



Fe 

56.88 



Si 

2.09 



Ni 

20.67 



Cr 

8.85 


Control 4-2 

3.5 

C 

3.90 



O 

2.82 



Ti 

2.12 



Na 

1.39 



Fe 

56.09 



Si 

2.06 



Ni 

21.38 



Cr 

10.24 


Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 2. 


F-43 


Bolt 

Depth 


Atomic 

l.D. 

(mini 

Element 

Concentration (%) 

Control 4-2 

3.75 

c 

4.62 



0 

3.33 



Ti 

2.24 



Na 

1.12 



Fe 

56.81 



Si 

1.92 



Ni 

20.47 



Cr 

9.48 


Control 4-2 

4.0 

C 

3.60 



0 

2.27 



Ti 

2.32 



Na 

1.44 



Fe 

56.44 



Si 

2.58 



Ni 

21.62 



Cr 

9.73 


Figure F-8 (continued). Atomic concentrations at selected depths for stainless steel 

control bolt 4, area 2. 


F-44 


Bolt 

Depth 


Atomic 

I.P. 

fminl 

Element 

Concentration tCfr) 

A6-6C 

Surface 

C 

25.56 



0 

29.98 



Ca 

0.83 



Ti 

1.60 



Fe 

17.66 



Si 

11.71 



Ni 

7.75 



Cr 

2.71 



K 

2.20 

A6-6C 

0.25 

C 

5.39 



0 

25.83 



Ca 

1.42 



Ti 

2.98 



Fe 

34.55 



Si 

6.89 



Ni 

14.98 



Cr 

6.22 



K 

1.73 

A6-6C 

0.5 

C 

6.49 



0 

12.41 



Ca 

0.72 



T i 

4.12 



Fe 

43.09 



Si 

5.17 



Ni 

20.35 



Cr 

6.51 



K 

1.14 


Figure F-9. Atomic concentrations at selected depths for stainless 
steel bolt A6-6c. 


F-45 


Bolt 

Depth 


Atomic 

I.D. 

fminl 

Element 

Concentration (%) 

A6-6C 

0.75 

C 

5.42 



0 

7.49 



Ca 

0.64 



Ti 

3.74 



Fe 

50.11 



Si 

3.51 



Ni 

22.09 



Cr 

6.00 



K 

1.01 


A6-6C 

1.0 

C 

4.96 



O 

6.42 



ca 

0.94 



Ti 

3.77 



Fe 

50.59 



Si 

3.40 



Ni 

22.02 



Cr 

6.80 



K 

1.10 


A6-6C 

1.25 

C 

4.40 



O 

5.81 



Ca 

1.07 



Ti 

4.84 



Fe 

52.05 



Si 

3.34 



Ni 

20.74 



Cr 

6.94 



K 

0.82 


Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel 

bolt A6-6c. 


F-46 


Bolt 

UL 

A6-6C 


A6-6C 


A6-6C 


Depth 

(mini Element 

1.5 C 

0 

a 

T! 

Fe 

Si 

Ni 

Cr 

K 


1.75 C 

O 
Ca 
T 1 
Fe 
Si 
Ni 
Cr 
K 


2.0 C 

O 
Ca 
Ti 
Fe 
Si 
Ni 
Cr 
K 


Atomic 

Concentra tion 

5.17 

5.10 

0.83 

4.72 

51.59 

3.60 

21.33 

6.77 

0.89 


4.38 

5.14 

0.71 

4.20 

52.73 

3.25 

20.86 

8.06 

0.67 


4.35 

4.91 

0.93 

4.34 

53.90 

3.40 

19.61 

7.74 

0.82 


Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel 

bolt A6-6c. 


F-47 


Bolt 

I.D. 


Depth 

(min) 




Atomic 

Concentration LM 


A6-6C 


A6-6C 


A6-6C 


2.25 C 6.70 

O 5.03 

Ca 1.16 

Ti 5.93 

Fe 49.47 

Si 3.57 

Ni 19.00 

Cr 8.00 

K 1.14 

2.5 C 6.60 

O 4.97 

Ca 1.01 

Ti 5.39 

Fe 49.70 

Si 3.27 

Ni 19.51 

Cr 8.20 

K 1.33 

2.75 C 5.99 

O 4.99 

Ca 0.77 

TI 5.47 

Fe 50.76 

Si 3.31 

Ni 19.55 

Cr 8.05 

K 1.12 


Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel 

bolt A6-6c. 


F-48 


Bolt 

UL 


Atomic 

Canflemcation i2sl 


Depth 

IJlifll Elemenf 

A6 -6e 3.0 C 

o 

Ca 

Ti 

Fe 

Si 

Ni 

Cr 

K 


A 6 * 60 3.25 c 

O 

Ca 

Ti 

Fe 

Si 

Ni 

Cr 

K 


A6_6C 3.5 C 

O 

Ca 

Ti 

Fe 

Si 

Ni 

Cr 

K 


5.37 

4.43 

0.76 

5.73 

51.21 

3.18 

19.77 

8.42 

1.14 


5.48 
4.43 
0.89 
5.27 

51.47 

2.48 
20.57 

8.39 

1.00 


5.89 

4.70 

1.17 

5.17 
50.61 

2.47 

19.92 

9.16 

0.90 


Figure F-9 (continued). 


Atomic concentrations a. selected depths for signless 
holt A6-6c. 


steel 


F-49 


Bolt 

Depth 


Atomic 

LJL 

(mini 

Element 

Pnneentration 

A6-6C 

3.75 

C 

5.08 



0 

4.75 



ca 

1.30 



T1 

4.72 



Fe 

52.90 



Si 

2.37 



Ni 

19.07 



Cr 

8.90 



K 

0.91 


A6-6C 

4.0 

C 

5.06 



O 

4.00 



Ca 

1.26 



Ti 

4.79 



Fe 

53.12 



Si 

2.26 



Ni 

19.82 



Cr 

8.84 



K 

0.85 


Figure F-9 (continued). Atomic concentrations at selected depths for stainless steel 

bolt A6-6c. 


F-50 


Bolt 

Depth 


Atomic 

I.D. 

(mini 

Element 

Concentration <%) 

D2-4C-1 

Surface 

C 

32.70 



O 

24.04 



S 
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Figure F- 10. Atomic concentrations at selected depths for stainless 
steel bolt D2-4c, area 1. 
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Figure F- 10 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D2-4c, area 1. 
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Figure F- 10 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D2-4c, area 1. 
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Figure F- 1 1 . Atomic concentrations at selected depths for stainless 
steel bolt D2-4c, area 2. 
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Figure F- 11 (continued). 


Atomic concentrations at selected depths for stainless steel 
bolt D2-4c, area 2. 
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Figure F- 1 1 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D2-4c, area 2. 
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Figure F- 1 2. Atomic concentrations at selected depths for stainless 
steel bolt D5-8c, area 1. 
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Figure F- 1 2 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 1. 
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Figure F- 12 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 1. 
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Figure F- 1 3. Atomic concentrations at selected depths for stainless 
steel bolt D5-8c, area 2. 
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Figure F-13 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F- 1 3 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F-13 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F- 1 3 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F-13 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F-13 (continued). 
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Atomic concentrations at selected depths for stainless steel 
bolt D5-8c, area 2. 
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Figure F- 1 3 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D5-8c, area 2. 
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Figure F- 1 4. Atomic concentratiou at selected * ’is for stainless 
steel bolt D7-7a. 
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Figure F- 1 4 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D7-7a. 
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Figure F*14 (continued). Atomic concentrations at selected depths for stainless steel 

bolt D7-7a. 
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Figure F- 1 5. Atomic concentrations at selected depths for stainless 
steel bolt E9-4c. 
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Figure F- 1 5 (continued). Atomic concentrations at selected depths fir stainless steel 

bolt E9-4c 
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Figure F- 15 (continued). Atomic concentrations at selected depths for stainless 

bolt E9-4c 
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Figure F- 1 6. Atomic concentrations at selected depths for stainless 
steel bolt HI l-7a. 
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Figure F- 1 6 (continued). Atomic concentrations at selected depths for stainless steel 

bolt HI l-7a. 
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Figure F-16 (continued). Atomic concentrations at selected depths for stainless steel 

boltHll-7a. 
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Appendix G 


Results of high resolution ESCA on LDEF bolts from selected 

locations 


The high resolution spectra shown in this appendix were obtained to identify the type and relative 
amounts of silicon containing compounds on exposed bolt surfaces from LDEF. High vacuum 
silicone grease rubbed onto a gold substrate was used as the source to establish the energy of die Si 
2p peak in silicone based material. A 1000A layered Si02 on a silicon wafer was used to establish 
the energy of the Si 2p peak for "inorganic" silicon containing compounds. For silica type ma and 
for silicones the peak width is 1.5eV. Bolts D3-2b, location 1, and FI l-5a, appear from analysis 
of the spectra to contain only silica based material. The carbon Is spectra were obtained as 
reference points to establish the true energies of the silicon peaks. 
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Figure 0-1. Carbon Is spectrum for SiU^/Si reference standard. 
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Figure 0*2. Silicon 2p spectrum for Si02/Si reference standard. 
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Figure 0-5. Gold 4f spectrum from reference standard substrate. 
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Figure G-9. Silicon 2p spectrum for bolt C12-6a, position 2. 
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Figure G-14. Carbon Is spectium for bolt C8-2a, position 1. 
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Figure G-15. Silicon 2p spectrum for bolt C8~2a, position 1. 
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Figure G-16. Carbon Is spectrum for bolt C8-2a, position 2. 
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Figure G-18. Carbon Is spectrum for bolt D3-2b, position 1. 
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Figure G*22. Carbon Is spectrum for bolt C4-4c, position 1. 
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Figure G-25. Silicon 2p spectrum for bolt C4-4e, position 2. 
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Figure G-30. Carbon Is spectrum for bolt F5-7a, position 1. 
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Figure 0-40. Carbon Is spectrum for bolt C12-6c, position 2. 
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Figure G-41. Silicon 2p spectrum for bolt C12-6c, position 2 . 
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Figure G-45. Silicon 2p spectrum for bolt D6-8c, position 2 
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Figure 0-53. Silicon 2p spectrum for bolt B3-6c, position 2. 
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